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PCrAJS96/I0287 



NOVEL fflGH AFFINITY HUMAN ANTIBODIES TO TUMOR 

ANTIGENS 
BACKGROUND OF THE IP^WTION 
This application is a continuation-in-part of United States Provisional 
Applications U.S.S.N. 60/000,238 and U.S.S.N. 60/000,250, filed on June 14, 1995 and 
June 15, 1995 lespectivdy. These applications are incorporated by reference for all 
purposes. 

The invention was made by or under a contract with the following 
agencies of the United States Govemmnit: Army Grant No. DAMD17-94-J-4433 and the 
Dq)artment of Health and Human Services, National Institutes of Health, Grant No. UOl 
CA51880. 

This invention pertains to the fields of immunodiagnostics and 
immunotherapeutics. In particular, this invention pertains to the discovery of novd 
human antibodies that specifically bind to c-erbE-2, and to chimoic molecules containing 
these antitKxiies. 

Convrational cancer chemotherapeutic agents cannot distinguish between 
normal cdls and tumor cells and hence damage and kill normal proliferating tissues. 
One ^proach to reduce this toxic side effect is to specifically target the 
chemotherapeutic zgeni to the tumor. This is the rationale bdiind the development of 
imtiiunotoxins, chimeric molecules composed of an antibody dther chemically conjugated 
or fused to a toxin that binds specifically to antig^ on the surface of a tumor cell 
th^eby killing or inhibiting the growth of the cell (Frankel et al. Ann. Rev. Med.^ 37: 
127 (1986)). The majority of immunotoxins prepared to date, have been made using 
murine monoclonal antibodies (Mabs) that exhibit specificity for tumor cells. 
Immunotoxins made from Mabs demonstrate relatively sdective killing of tumor cells in 
vitro and tumor regression in animal models {id). 

Despite these promising results, the use of immunotoxins in humans has 
been limited by toxicity, immunogenidty and a feilure to identify highly spedfic tumor 
antigais (Byers ei al. Cancer Res. , 49: 6153). Nonspecific toxicity results from the 
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failure of the monodonal antibody to bind spedficaUy and with high affinity to tumor 
cells. As a result, nonspecific ceUldlling occurs. In addition, the Ibidgn immunotoxin 
molecule elidts a strong immune response in humans. The iramunogenictty of the toxin 
portion f the immunotoxin has recently been overcome by using the human analog of 
KNase (Rybak et a!, Proc. Na. Acad, VSA, 89: 3165 (1992)). Hie murine 
antibody portion, however, is still significantly immunogenic (Sawler et d., J. bimmol, 
135: 1530 (1985)). 

Immunogenidty could be avoided and toxidiy reduced if high affinity 
tumor spedRc human antibodies were available. However, the production of human 
monoclonal antOiodies using conventional hybridoma technology has proven extremely 
difBcult games et aL, J. bmwnol Meth., 100: 5 (1987)). Furthermore, the paucity of 
purified tumor-specific antigens makes it necessary to immunize with intact tumor cells 
or partially purified antigen. Most of the antibodies produced react with antigens which 

are also common to normal cdls and are thereftwe unsuitable for use as tumor-qwdfic 
targeting molecules. 

SCMMART OF THE INVENTION 
This invention provides novel human antibodies that specifically hind to 

the cxtracelhdar domain of the c-erbB-2 protein product of the HER2/neu (mcoga^^ 
Hiis antigen (maricer) is overe^wessed on many cancas ie.g. carcinomas) and thus die 
antibodies of the present invention specifically bind to tumor cells that express c-crbM. 

In a prefened embodiment, the antibody is a C6 antibody derived fiom the 
sFv antibody C6.5. The antibody may contain a variable heavy chain, a variable light 
chain, or both a variable heavy and variable light chain of C6.5 or its derivatives. In 
addition the antibody may contain a variabte heavy chain, a variable light chain or to^ 
variable heavy and variable light chain of C6.5 in which one or more of the variable 
heavy or variable light complementarity detetminiqg regions (CDRl, CDR2 or CDR3) 
has been altered (e.*.. mutated). Particulariy preferred CDR variants are listed in the 
specification and in Examples 1,2 and 3. Particulariy preferred C6 antibodies include 
C6.5, C6ML3.14, C6H and C6MH3-B1. In various preferred embodiments, diese 
antibodies are single chain antibodies (sPv also Imown as scPv) comprism^ 
heavy chain joined to a variable light chain dther directly or through a pq)t«^ 
Other preferred embodimenls of the C6 antibodies and C6.5, C6ML3-14, C6L1, and 
C6MH3-B1, in particular, include Fab, the dimer (Fab*),, and the dimer (sPv% 
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Particulaily preferred (sFv*)2 dimers are fusion proteins where the Sfv* coniponents are 
joined through a pq>tide linkage or through a peptide (G^. Still other preferred C6 
antibodies include an antibody selected from the group consisting f an antibody having a 
Vl domain with one of the amino acid sequences shown in Table 10» an antibody having 
a Vh domain with one of the amino add sequences shown in Table 12, an antibody 
having a Vj, CDR3 domain having one of the amino add sequences shown in T^les 4, 
1S» and 16, and an antibody having a Vb CDR3 domain having one of the amino add 
sequences shown in Tables 13 and 14. Otfa^ prefetred embodiments are to be found 
replete throughout the apedfication. 

In a particularly prefierred embodiment, the C6 antibody has a tanging 
from about 1.6 x 10* to about 1 x la" M in SK-BR-3 cdls using Scatchard analysis or 
as measured against purified c-erbB-2 by sur&ce plasmon resonance in a BIAcore. 

In another embodiment the present invoition provides for nucleic adds thai 
encode any of the above-described 06 antibodies. The invention also provides for 
nucleic adds that encode the amino acid sequences of C6.5, C6ML3-14, C6L1, C6MH3- 
Bl, or any of the odier amino add sequences mcoding C6 antibodies and described in 
Example 1, 2 or 3. In addition this invention provides for nudeic add s^ithicps 
encoding any of these amino add sequences having conservative amino add 
substitutions. 

In still anothtf embodiment, this invention provides for proteins 
comprising one or more complementari^ d^ermining regions selected from the group 
consisting of the complonentarity determining regions of Tables 10, 12, 13, 14, 15, and 
16andofanyoftheexamples, in particular ofExamples 1,2 or 3. Other particularly 
preferred antibodies indude any of the antibodies expressed by the dones described 
herein. 

In still y^ another raibodiment, this invention provides for cells 
comprising a recombinant nuddc add which is any of die above described nuddc adds. 

This invention also provides for chimeric molecules that spedfically bind a 
tumor cell bearing c-erbB-2. The chimeric molecule comprises an effector molecule 
joined to any of the above^described C6 antibodies. In a preferred embodiment, the 
effector molecule is sdected from the group con^sting of a cytotoxin (e.g. PE, DT, 
Ridn A, etc.), a labd, a radionuclide, a drug, a liposome, a ligand, an antibody, and an 
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antigen binding domaine). The C6 antibody may be chemically omjugated to the 
effector molecule or the chimeric molecule may be expressed as a fusion protein. 

This invration provides for methods of making C6 antibodies. One 
m^od proceeds by i) providing a phage library presenting a C6.S variable heavy chain 
and a multiplicity of human variable light chains; ii) panning the phage library on c- 
erbB-2; and iii) isolating phage that specifically bind This method optionally 

farther includes iv) providing a phage library presentiiig the variable light chain of the 
phage isolated in step iii and a multiplicity of human variable heavy chains; v) panning 
the phage library on c-erbB-2; and vi) isolating phage that specifically bind c-erbB-2. 

Another method for making a C6 antibody proceeds by i) providing a 
phage library presoiting a C6.S variable light diain and a multq>licity of human variable 
heavy chains; ii) panning the phage library on c-eibB-2; and iii) isolating phage that 
spediically bind c-etbB-2* 

Yet another method for making a C6 antibody involves i) providing a 
phage library presenting a C6.5 variable light and a C6.S variable heavy chain encoded 
by a nucleic add variable in die sequmoe encoding CDRl, CDR2 or CDR3 such that 
each phage displays a different CDR; ii) panning the phage library on c-ert)B-2; and 
isolating die phage that specifically bind c-ert)B-2. 

Tliis invention also provides a method for inqiairing growth of tumor cells 
bearing c-erbB-2. This method invcdves contacting the tunior with a chimeric inolecule 
oonq>rising a cytotoxin attached to a human C6 antibody that specifically binds c-erfoB-2. 

Finally, this invmtion provides a method for d^ecting tumor cells bearing 
c-erbB-2. Iliis method involves ccmtacting the biological samples derived from a tumor 
with a chimeric molecule compri^g a label attached to a human C6 antibody that 
spedfically binds c-erbB-2. 

PcfinitiOBS 

Hie following abbreviations are used herein: AMP, ampidllin; c-eri)B-2 
BCD, extracellular domain of c-erbB-2; CDR, complementarity detantnining regicm; 
ELISA, enzyme linked immunosorbent assay; FACS, fluorescence activated cell sorter, 
FR, framework region; Glu, glucose; HBS, hepes buffered saline, 10 mM hcpes, 150 
mM Nad, pH 7.4; IMAC, immobilized metal affinity chromatography; k«, association 
rate constant; k^, dissociation rate constant; MPBS, skimmed milk powder in PBS; 
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MTPBS, skimined milk powder in TPBS; FBS, phosphate buffered saline, 25 mM 
NaH2P04, 125 mM NaQ, pH 7.0; PGR, pcdymetase chain reaction; RU, resonance 
units; scFv or sFv, single-chain Fv firagment; sFv': Fv containing cysteine; TPBS, 
0.05% v/v Tween 20 in PBS; SFR, surface jdasmon resonance; V^, immunDglobulin 
5 kappa light chain variable region; V|, immunoglobulin lambda light chain variable 
region; V^, immunoglobulin light chain variable region; Vh, immunoglobulin 
heavy chain variable region; wt. wild type. 

As used herein, an "antibody" refers to a protein consisting of one or more 
polypeptides substantially encoded by inmiunoglobulin genes or fragments of 

10 immunoglobulin genes. Ttie recc^nized inmiunoglobulin genes indude ttie kappSL^ 

lambda, alpha, gamma, delta, epdlon and mu constant region gcKS, as weill as myriad 
immunogtobulin variable region genes. Light chains are classified as either kq>pa or 
lambda. Heavy chains are classified as gamma, mu, alpha, ddta, or q>sil(m, which in 
turn define the immunoglobulin classes, IgG, JgiA, IgA, IgD and IgE, respecdvely. 

15 A typical immunoglobulin (antibody) structural unit is known to comprise 

a tetramer. Each tetraroer is composed of two identical pairs of polypq>tide chains, each 
pair having one "light" (about 25 kD) and one "heavy" chain (about 50-70 kD). The 
N-terminus of each chain defines a variable region of about 100 to 110 or more amino 
adds primarily responsible for antigen recognition. Tlie terms variable light chain (V J 

20 and variable heavy chain (Vh) refer to these light and heavy diains respectively. 

Antibodies exist as intact immunoglobulins or as a number of well 
cfaaractoized fragments produced by digestion with various peptidases. Thus, for 
example, pq>sin digests an antibody bdow the disulfide linkages in the hinge region to 
produce F(ab)\ a dimer of Fab which itself is a light chain joined to Vh-ChI by a 

25 disulfide bond. Ilie F(aby2 may be reduced under mild conditions to break the disulfide 
linkage in die hinge region thereby converting the (Fab*), dimer into an Fab' monomer. 
The Fab' monomer is essentially an Fab with part of the hinge region (see^ Ftwdamemal 
Inmwwlogy, W.E. Paul, ed.. Raven Press, N.Y. (1993), for a more detailed description 
of other antibody firagmmts). While various antibody fragments are defined in terms of 

30 the digestion of an intact antibody, one of skill will spprtdsiit that such Fab' fragments 
may be synthesized de novo either chemically or by utilizing recombinant DNA 
methodology. Thus, the term antibody, as used herein also indudes antibody fragments 
dther produced by the modification of whole antibodies or synthesized de novo using 
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recombinant DNA methodologies. Pr^iened antibodies include single c ha in antibodies, 
more preferably single chain Fv (sFv) antibodies in whidi a variable heavy and a 
variable light chain are joined together (directly or through a pq>tide linker) to form a 
continuous polypeptide. 

An 'antigen-binding site* or "binding portion" refers to the part of an 
immunoglobulin molecule that participates in antigen binding. The antigen binding site is 
formed by amino add residues of the N-terminal variable (* V") regions of the heavy 
("H") and light ("L") chains. Three highly divagcnt stretches within the V r^ons of 
the heavy and light chains are referred to as "hypervariable regicms" which are 
interposed between more cons^ed flanking stretches known as "framework regions" or 
"FRs*. Thus, the term "FR" refers to amino add sequences which are naturally found 
between and adjacent to hypervariable regions in immunoglobulins. In an antibody 
molecule^ the three hypervariable regions of a light chain and the tiiree hypervariable 
r^ons of a heavy diain are disposed relative to each other in three dimendonal space to 
form an antigen binding "sm^*. This surfice mediates recQgniticm and binding of the 
target antigen. The three hypervariable regions of eadi of the heavy and light chains are 
referred to as "complementarity detennining regions" or "CDRs" and are characterized, 
for example by Kabat ef c/. Sequences qf proteins efimmunologiatl interest^ 4th ed. 
U.S. Dept. Health and Human Services, Public Health Services, Bethesda, MD (1987). 

As used herein, die terms 'immunological binding" and "immunological 
binding prppoties" refer to die non-covalent interactions of the type which occur 
between an immunoglobulin nwlecule and an antigen for which the immunoglobulin is 
5>edfic. The strength or affinity of immunological binding interactions can be esqxressed 
in terms of the dissociation constant of the interaction, whoein a smaller Kfl 
represrats a greater afiBnity. Immunological binding properties of selected polypeptides 
can be quantified using methods well known in die art. One such metiiod entails 
measuring the rates of antigai-binding site/antigen complex fiDrmation and dissociation, 
wdi^ein tiiose rates dq>end on die concentrations of the convex partners, die affinity of 
the interaction, and on geometric parameters diat equally influence the rate in both 
directions. Thus, both die "on rate con^t" (kj and die "off rate constant" (X^) can 
be determined by calculation of die concentcaticms and die actual rates of association and 
dissodation. The ratio of kykco enables cancellation of aU parameters not related to 
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a£Bmty and is thus equal to the dissodatian constant Ka. See, genertdfyy Davies et al, 
Ann. Rev. Biodienu, 59: 439-473 (1990). 

The term *C6 antibody*, as used herein refiers to antibodies derived fnmi 
C6.5 whose sequence is e3q>iessly provided herein. C6 antibodies preferably have a 
5 binding affinity of about 1.6 x 10^ or better and are preferably derived by screening (for 
affinity to c-erbB-2) a phage display library in wiiich a known C6 variable heavy (Vh) 
chain is expressed in combination with a multiplicity of variable light (VJ chains or 
conversely a known C6 variable light chain is e^qxressed in combinatiQn with a 
multiplicity of variable heavy (Vh) diains. C6 antibodies also include those antibodies 

10 produced by the introducdm of mutations into die variable heavy or variable light 
coniplementarity determining r^ons (CDRl, CDR2 or CDSQ) as described h^ein. 
Finally C6 antibodies include those antibodies produced by any combination of tiiese 
modification mediods as applied to C6.5 and its derivatives. 

A single chain Fv ("sFv" or "scFv") polypeptide is a covalently linked 

^ V|,::Vl heterodimer which may be expressed from a nucleic add incii?ding Vh* and Vj.- 
encoding sequences either joined directiy or joined by a peptide-encoding linker. 
Huston, «r aL Proc. Nat. Acad. Sci. USA, 85: 5879-5883 (1988). A number of 
structures for converting the naturally aggregated- but chemically separated light and 
heavy polypeptide chains from an antibody V region into an sFv molecule which will 

20 fold into a tiuee dimensional structure substantially similar to die structure of an antigen- 
binding site. See, e.g. U.S. Patent Nos. 5, 091»513 and 5,132,405 and 4,956,778. 

In one class of embodiments, recombinant design methods can be used to 
develop suitable diemical structures (linkers) for converting two naturally assodated-but 
chemically sqwrate-heavy and light polypq^ chains from an antibody variable region 

25 into a sFv molecule which will fold into a tiire&^iimensional structure that is substantially 
similar to native antibody structure. 

Design criteria include detomination of the appropriate length to span the 
distance between the C-terminal of one diain and the N-tenninal of die otiier, wherein 
the linker is g^ierally formed from small hydrophilic amino add residues diat do not 

30 tend to coil or form secondary structures. Such medKxis have been described in the art. 
See, e.g., U.S. Patent Nos. 5,091,5D and 5,132,405 to Huston et al.; and U.S. Patait 
No. 4,946,778 to Ladner et al. 
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In this legard, the first general stq> f linker design involves identification 
f plaudUe sites to be linked. Appropriate linkage sites on eadi of the Vh and 
polypq>tide domains include those which will result in the Tninimum loss of residues 
from the polypeptide domains, and wtnch will necessitate a linker comprising a minimum 
number of residues consistmt with the need for molecule stability. A pair of sites 
defines a "g^" to be linked. linkers connecting the C-t»minus of one domain to the 
N-terminus of the n^ generally oonqirise hydrophilic amino adds which assume an 
un^ructured configuration in physiological solutions and preferably are fi:ee of residues 
having laige ade groups which might int^ete with pxoper folding of the Vh and 
chains. Thus, suitable linkers under the invention generally comprise polypeptide chains 
of alternating sets of glycine and serine residues, and may include glutamic acid and 
lysine residues inserted to enhance solubility. One particular linker under the invention 
has the amino add sequence [(Gly^Ser],. Another particularly preferred linker has the 
amino add sequence comprising 2 or 3 xepcst& of [(Ser)4Gly] such as [(Ser)4Glyl3 
Nudeotide sequences encoding sudi linker moieties can be readily provided using 
various oligonucleotide synthesis techniques known in the art e.g., Sambrook, 

The phrase "specifically binds to a protein* or "spedfically 
inmiunoreactive with", vdien referring to an antibody refers to a binding reaction which 
is determinative of the presence of the protdn in die presence of a heterogeneous 
population of proteins and other biologies. Thus, under designated immunoassay 
conditions, die specified antibodies bind to a particular protdn and do not bind in a 
fflgnificant amount to other protdns present in the sample. Spedfic binding to a protdn 
undCT sudi conditions may require an antibody that is sdected for its spedfidty for a 
particular protdn. For example, C6 antibodies can be raised to the c-erbB-2 protdn that 
bind c-erbB-2 and not to other protdns present in a tissue sample. A variety of 
immunoassay formats may be used to select andbpdies spedfically immunoreactive with 
a particular protein. For example, solid-phase ELISA immunoassays are routindy used 
to select nionodonal antibodies spedficaUy immunoreactive with a pro^ See Harlow 
and Lane (1988) Antibodies, A Laboratory Manual, Cold Spring Harbor Publications, 
New York, for a description of immunoassay fmmats and conditions that can be used to 
determine q)edfic ismiunoreactivity. 
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A chimeric m lecule is a molecule in which two or more molecules jthat 
exist sqmratdy in thdr native state are j ined togefiier to form a single molecule having 
the desired functionali^ of all f its oonstttueot molecules. While the chimeric molecule 
may be prepared by covalently linking two molecules each synthesized separately, me of 
5 skill in Ae art will iQypredate that where the chimeric molecule is a fusion protein, the 
chimm may be prepared de novo as a angle "joined" molecule* 

The term "conservative substitution" is used in reference to proteins or 
peptides to reflect amino acid substitutions that do not substantially alter the activity 
(specificity or binding afBni^) of the molecule, lypically ccmservative amino acid 
10 substitutions involve substituticm one amino add for anodic amino add with similar 
chemical properties (e.g. charge or hydrp[riiobidty). Ihe following six groups each 
contain amino adds that are typical conservative substitutions for one another: 





1) 


Alanine (A), Serine (S), Threonine (T); 




2) 


Aspartic add (D), Glutamic add (E); 


15 


3) 


AspaiQgine (N), Glutamine (Q); 




4) 


Aipnine (R), Lysine (K); 




5) 


boleudne (t), Leudne (L), Mediionine (M), Valine (V); and 




6) 


nienylalanine (F), Tyrosine (Y), Tryptophan (W). 


20 




BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 illustrates the nuddc and amino add sequence of die C6 sFv 
antibody C6.S. 

Figure 2 shows the location of mutations in a light diain shufQed C6L1 
and heavy chain shufQed C6S2 sFv. Mutations are indicated as diaded aphoes cm the 

25 Cot-carbon tracing of the Fv fragment of the immunoglobulin KOL (Marquart ei al. 
(1990). HI, H2, H3, LI, L2 and L3 refer to the Vh and Vj, antigen binding loops 
xespectivdy. Mutations in C6L1 are all located in the Vx. domain with parental Vh 
sequence, mutations in C6H2 are all located in the Vh domain with parental V,. 
sequence. C6L1 has no mutations located in a B-strand which forms part of the Vjr^i^ 

30 interface. C6H2 has 2 conservative mutations located in the fi-strand formed by 
iramework 3 residues. 

Figure 3 shows the locations of mutations in light chain shuffled sFv 
which spontaneously form dim^. Mutations are indicated as shaded spheres on the a- 
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caibon txadng f the Fv fragment f the immunoglobulin KOL (Marquart et al., 1980) 
with the Vt domain located on the left side of each panel. A«C6VLD; B=C6VLE; 
C»CdVLB; DsCfiVLP. Each shuffled sPv has at least 1 mutation located in a £-strand 
which forms part of the Vg-V|, interface. 
S Rgure 4 illustrates the 72 hour tnodistribution of a C6.5 diabody in SK- 

OV-3 tumor-bearing sdd mice. 

DETAILED DESCIUPTION 
This invention provides for novd human antibodies that specifically bind 
10 to the CTfracelhilar domain of the C'^B-2 prot^ product of dve HER2/neu CHicogeae. 
The c-eibB-2 marker is oveiexpressed by 30-50% of breast carcinomas and oth^ 
adenocardnoroas and thus provides a suitable cdl surface marker for spedfically 
targeting tumor cells such as carcinomas. In contrast to previous known anti-ceibB-2 
antibodies, the antibodies of the presoit invmtion (designated herein as C6 antibodies) 
IS are fully human antibodies. Thus, administration of these antibodies to a human host 
elicits a little or no immunogenic response. 

Tins im^ention additionally provides for diimeric molecules conyxrising the 
C6antibodiesof the present invention joined to an efifectorinolecule. The C6 antibodies 
act as a ''targeting molecule* that serves to specifically bind the chimeric molecule to 
20 cdls bearing the c-erbB-2 marker therd>y delivering the effector molecule to the targ^ 
cell. 

An effector molecule typically has a characteristic activity that is desired 
to be delivered to die target cell (eg. a tumor overeaqxressing o^B-2). Effector 
molecules include cytotoxins, labels, radionuclides, ligands, antibodies, drugs, liposomes, 
25 and viral coat proteins that rend^ the virus capable of infecting a c-erbB-2 expresring 
cdl. Once delivered to die target, the effector molecule exerts its characteiisdc activity. 

For example, in one mbodiment, where the effector molecule is a 
cytotoxin, the chimeric molecule acts as a potent cell-lolling agent specifically targeting 
die cytotoxin to tumor cells bearing the c-erbB-2 marker. Chimeric cytotoxins that 
30 specifically target tumor cells are well known to those of skill in the art (see, for 
example, Pastan et al.. Am. Rev. Biochem., 61: 331-354 (1992)). 

In another embodiment, die diimeric molecule may be used for detecting 
the presence or absence of tumor cells in vm> or in ritro or foi localizing tumor cells in 
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vivo. These methods involve providing a chimeric molecule comprising an effector 
molecale, that is a detectable label attached to the C6 antibody. Hie C6 antibody 
specifically binds the chimeric molecule to tumor cells eaqiressing the c-abB-2 marker 
which are dien marked by their assodation with the detectable labd. Subsequent 
detection of the ceU-assodated label indicates the presence and/or location of a tumor 
celL 

In yet another embodiment, the efifector molecule may be another specific 
binding moiety includii^, but not limited to an antibody, an andgen binding domain, a 
growth factor, or a ligand. Hie chimeric molecule will then act as a highly specific 
bifimctional linker. Hiis link^ may act to bind and enhance die interaction between cells 
or celhilar conqwnents to which the diimeric pn>tdn binds. Hms, for example, where 
the •effector* component is an anti-receptor antibody or antibody ft^ent, the C6 
antibody conqwnait specifically binds c^B-2 bearing cancer cells, while the effector 
conqxment binds recqitors (tf.g.. IL-2, IL-4, FC7I, FcyH and FcylH recqrtors) on the 
surface of immune cells. The chimeric molecule may thus act to enhance and direct an 
immune response toward target cancer cells. 

In still yet another embodiment die Sector molecule may be a 
I*annac61ogical agent (e.g. a drug) or a vehicle containii^ a pharmacological agent 
This is particularly suitable where it is merely desired to invoke a non-lethal biological 
response. Hius die C6 antibody recq>tor may be conjugated to a drug such as 
vinblastine, vindesine, mdphalan, N-Acetylmdphalan, n«hotrexate, aminopterin, 
doxirubicin, daunorubidn, genistein (a tyrosine kinase inhibitor), an antisense molecule, 
and other pharmacological agents known to those of skiU in die art, thweby spedficaUy 
targeting die pharmacological agent to tumor cells expressing c-ert>B-2. 

Altemativdy, die C6 antibody may be bound to a vehide containing die 
therapeutic composition. Sudi vehicles indude, but are not limited to liposomes, 
micelles, various synthetic beads, and the like. 

One of skill in die art will appreciate diat die chimeric molecules of die 
present invention optionally indudes multiple targeting moieties bound to a single 
effector or conversdy, multiple effector molecules bound to a angle targeting moiety. In 
still oflier embodiment, die chimeric molecules includes bodi multiple targeting moieties 
and multiple effixtor molecules. Thus, for example, dus invention provides for •dual 
targeted* cytotoxic chimeric molecules in whidi die C6 antibody is attached to a 
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cytotoxic molecule while another molecule (e.g. an antibody, or another ligand) is 
attached to the other terminus of the toxin. Such a dual-targeted cytotoxin might 
comprise^ eg. a C6 antibody sub^ted for domain la at the amino terminus of a PE 
and anti-TAC(Fv) inserted in domain in. Other antibodies may also be suitable effector 
molecules. 

L Preparation of CIS Antibodies, 

The C6 antibodies of this invention are prepared using standard techniques 
well known to those of skill in the art in oombinaticm with the polypeptide and nucleic 
add sequences provided herein. The polypqjtide sequences may be used to determine 
q)piopriate nucleic add sequences encoding the particular C6 antibody disclosed thereby. 
The nucldc add sequence may be optimized to rrflect particular codon "preferences" for 
various egression aystwns according to standard methods well known to those of skill in 
the art Altemativdy, the nucleic add sequences provided herdn may also be used to 
express C6 antibodies. 

Using the sequence information provided, the nucleic acids may be 
synthesized according to a number of standard methods known to those of skill in the art 
Oligonudeodde synthesis, is preferably canied out on oonunewaaDy available solid ph^ 
oligonucleotide synthesis machines (Needham-VanDevant^ et al. (1984) Nudeic Adds 
Bes. 12:6159-6168) or manually synthesized using the solid phase phosphoramidite 
triester method described by Beaucage cf. al. (Beaucage et. aL (1981) Teirdhedron Lens. 
22(20): 1859-1862). 

Once a nuddc add encoding a C6 antibody is syntheazed it may be 
anq>lified and/or doned according to standard methods. Molecular cloning techniques to 
achieve these ends are known in the art A wide variety of doning and « virro 
amplification methods suitable for the con^ruction of recon*inant nuddc adds, e.g., 
encoding C6 antibody genes, are known to persons of skill. Examples of these 
techniques and instructions sufficient to direct persons of skill through many doning 
exercises are found in Berger and Kimmd, (hade to Moleadar Oojiing Techniques. 
Methods in Enzymology volume 152 Academic Press, Inc., San Diego, CA (Berger); 
Sambrook et oL (1989) Molecular Cloning - A Laboratory Manual (2nd ed.) Vol. 1-3, 
Cold Spring Harbor Laboratory, Cold Spring Harbor Press, NY, (Sambrook); and 
Current Protocols in Molecular Biology, F.M. Ausubd et al., eds.. Current Protocols, a 
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jdnt venture between Greene Publishing Associates, Inc. and John Wil^ & Sons, Inc., 
(1994 Supplement) (Ausubel). Methods of producing recombinant immunoglobulins are 
also known in the ait See, Cabilly, U.S. Patent No. 4,816,567; and Queen et al. (1989) 
Prvc. Nat'lAcad. Sd. USA 86: 10029-10033. 
5 Exanqdes of techniques sufBdent to direct persons of skill through in vitro 

amplification methods, including the polymerase chain reaction (PCR) the ligase chain 
reaction (LCR), Q0-replicase an^Iification and other RNA polymerase mediated 
techniques are found in Borger, Sambrook, and Ausubel, as well as Mullis et al., (1987) 
U.S. Patent No. 4,683,202; PCX Protocols A Guide to MeOwds and Applications (Innis 

10 et al. eds) Academic Press Inc. San Dipgo, CA (1990) (Innis); Amheim & Levinson 

(October 1, 1990) C&EN 36^7; The Journal CfNIH Research (1991) 3, 81-94; (Kwoh 
et aL (1989) Proc. Natl Acad. Sd. USA 86, 1173; GuateUi et al (1990) Proc. Natl 
Acad. Sd. USA 87, 1874; UrnisSl et al. (1989)/. din. Chem 35, 1826; Landegrcn et 
al., (1988) Sdence 241, 1077-1080; Van Brunt (1990) motechnology 8, 291-294; Wu 

15 and Wallace, (1989) Gene 4, 560; and Barringer et al. (1990) Gene 89, 117. Improved 
methods of cloning in intro amplified nuddc adds are described in Wallace et al., U.S. 
Pat No. 5,426,039. 

Once the nuddc add for a C6 antibody is isolated and doned, one may 
express the gene in a vari^ of recombinantly engineered cells known to those of skill in 

20 the ait Examples of sudi cdls indude bacteria, yeast, filamentous fimgi, insect 

(especially onploying baculoviral vectors), and mammalian cdls. It is expected that 
those of skill in the art are knowledgeable in the numerous expression systems available 
for expression of C6 antibodies. 

In brief summary, the e3q)ressi(»i of natural or synthetic nuddc adds 

25 encoding C6 antibodies will typicaUy be achieved by operably linking a nucldc add 
encoding the antibody to a promcMer {which is dth^ constitutive or inducible), and 
incorporating ^ construct into an expression vector. The vectors can be suitable for 
rq)Iication and integration in prokatyotes, eukaryotes, or both. Typical doning vectors 
contain transcription and translation terminators, initiation sequences, and promoters 

30 useful for regulation of the e^qiression of the nuddc add encoding the C6 antibody. The 
vectors optionally comprise genmc expression cassettes containing at least one 
indepaident terminator sequence, sequences permittmg replication of the cassette in both 
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eukaryotes and prokaryotes, Le.^ shuttle vectors, and selection niarkers for both 
piokaiyotic and eukaiyotic systems. See Sambrook. 

To btain high levds of expression of a cloned nudeic add it is common 
to construct expression plasmids which typically contain a strong promoter to direct 
transcription, a ribosome binding site for translational initiation, and a 
transcription/translation terminator. Examples of n^ulatory regions suitable for this 
purpose in £ cofi are the promoter and opetator region of the £1 coiJ tryptophan 
biosynthetic pathway as described by Yanofslgr, C, 1984, /. BaaerioL, 158:1018-1(124 
and the leftward promote of phage lambda (PJ as desoibed by Hexskowitz and Hagen, 
1980, Am. Sev. Genet, , 14:399-445. The indusion of selection markera in DNA 
vectors transformed in £: co// is also useful. Examples of such markers indude genes 
5>edfying resistance to ampidllin, tetraqrdine, or cto 5te Sambrook for 

details oonoeming selection markers, e.g., for use in coU. 

Expressicm systwns far eKpressing C6 antibodies are available usuig K 
coU, Bacttbis ^p. (Palva et aL (mzyCene 22:229-235; Mosbach ei al., Nature, 
302:543-545 znd Salmonella. -B. coff systems are prefcned. 

The C6 antibodies pnxluced by prokaryotic odls may require exposure to 
chaotropic agents for proper folding. During purification from, e.g., Kcott.iht 
e^ressed protein is optionally denatured and then rcnatured. This is accomplished, e.g., 
by solubilizing the bacterially produced antibodies in a chaotropic agent such as 
guanidine HCl. The antibody is then renatured, dthcr by slow dialysis or by gd 
filtration. See, U.S. Patent No. 4,511,503. 

Methods of transfiscting and expressing gmes in mammalian cdls are 
known in the art. Transducing cdls with nuddc adds can involve, for example, 
incubating viral vectors containing C6 nucldc adds with odls within the host range of 
the vector. See, e.g.. Methods in Enzymohgy, vol. 185, Academic Press, Inc., San 
Diego, CA (D.V. Qoeddd, ed.) (1990) or M. Krieger, Gene Tranrfer and Expression - 
A Laboratory Manual, Stockton Press, New York, NY, (1990) and the references dted 
therein. 

The culture of cdls used in the present invaition, induding cdl lines and 
cultured cdls ftom tissue or blood samples is wdl known in &e art. Freshney (CWton? 
of Animal Cells, a Manual of Basic Technique, third edition Wdey-Uss, New York 
(1994)) and the references dted tfierdn provides a goieral guide to flie culture of cdls. 
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Tediniques for using and manipulating antibodies are found in Coligan 
(1991) Current Protocols in bnmmology Wiley/Greene^ NY; Hailow and Lane (1989) 
Antibodies: A Laboratory Manual Ccdd Spring Haibor Press, NY; Stites et al, (eds.) 
Boric and Qinical Immunology (4th ed.) Lang Medical Publications, Los Altos, CA, 
and references dted therein; Coding (1986) Monoclonal Antibodies: Principles and 
Practice (2d ed.) Academic Press, New York, NY; and Kohler and Milstein (1975) 
Nature 256: 495-497. C6 antibodies which are specific tot c^B-l bind c-erbB-l and 
have a Ki> of 1^ or better, with preferred onbodiments having a of 1 nM or better 
and most preferred embodiments having a Kq of 0.1 nM better. 

In a preferred embodiment the C6 antibody gene {e.g. C6.S sFv gene) is 
subdoned into the esqxression vector pUC119Sfi/Notmsmyc, whidt is identical to the 
vector described by Griffiths et a/., EMBO J., 13: 3245-3260 (1994), (eicccpt for the 
eliminationof an XBal restriction site). This results in the addition of a hexa-histidine 
tag at the C-terminal end of the sFv. A pHEN-1 vector DNA containing tiie C6.5 sFv 
DNA is prqiared by alkaline lysis minq>rep, digested with Ncol and NotI, and the sPv 
DNA purified on a 1^% agarose gd. The C6 sFV DNA is ligated into 
pUC119Sfil/NotlHi^yc digested with Ncol and Nod and the ligation mixture used to 
transform decirocompetmt E.coU HB2151. For expression, 200 ml of 2 x TY media 
containing 100 mg/ml ampidllin and 0.1% glucose is inoculated with KcoU HB2151 
harboring the C6gaie in pUC119Sfil/NotlHismyc. The culture is grown at 37*C to an 
A600 nm of 0.8. Soluble sPv is esqiression induced by the addition of IFTG to a final 
concentration of 1 mM, and the culture is grown at 30** C in a shaker fiaay overnight 

The C6 sFv may thra be harvested from the periplasm using the following 
protocol: Cells are harvested by cffltrifiigation at 4000 g for 15 min, resu^ended in 10 
ml of ice cold 30 mM Tris-HQ pH 8.0, 1 mM EDTA, 20% sucrose, and incubated on 
ice for 20 minutes. The bacteria are then pelleted by centrifogation at 6000 g for IS 
min, and the "periplasmic fiacdon* cleared by centrifogaticm at 30,000g for 20 min. 
The supernatant is then dialyzed overnight at 4*'C against 8 L of IMAC loading bufifer 
(50 mM sodium phosphate pH 7.5, 500 mM NaQ, 20 mM imidazole) and then filtered 
through a 0.2 micnm filter. 

In a preferred embodiment, the C6 sFv is purified by IMAC. All steps 
are p^ormed at 4'C. A column containing 2 ml of Ni-NTA resin (Qiagra) is washed 
with 20 ml IMAC column wash buffer (50 mM sodium phosphate pH 7.5, 500 mM 
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Nad, 250 xnM imidazole) and 20 ml f IMAC loading buffer. The pedplasmxc 
preparation is then loaded onto the column and the column washed sequentially wiA SO 
ml IMAC loading buffer and 50 ml IMAC washiqg buffer (50 mM sodium phosphate pH 
7.5» 500 mM NaCl, 25 mM imidazole). Protein was eluted with 25 ml IMAC dution 
buffer (50 mM sodium phosphate pH 7.5, 500 mM NaCl, 100 mM imidazole) and 4 ml 
factions c ol l ect e d ^ The C6 antibody may be detected by absorbance at 280 nm and sPv 
fraction duted. To remmc dimeric and aggregated sPv, saflQ)les can be concentrated to a 
volume < 1 ml in a Centricon 10 (Amicon) and fracticmated on a Superdex 75 column 
using a running buffer of HBS (10 mM Hq)es, 150 mM NaCl, pH 7.4). 

The pmty of the final prqsaiation may be evaluated by assaying an aliquot 
bySDS-PAGE. The protdn bands can be detected by Coomassie staining. The 
concoittadm can then be determined spectrpphotometrically, assuming tfiat an A2go nm 
of 1*0 corresponds to an sFv concentration of 0.7 mg/ml . 

IL MffdIflcatioBQf Artlbotfte. 

A) DisPtaY of antlbodY fragments on the surface of hflrfe rionhflge fahage 

Display of antibody fragments on the sm&ce of viruses which infect 
bacteria (bacteriophage or phage) makes it possible to produce human siPvs widi a wide 
range of affinities and Idnetic characteristics. To display antibody fragments on the 
sur&ce of phage (phage display), an antibody fragment gene is inserted into the gene 
^coding a phage surfece protdn (pm) and the antibody fiagment-pIII fusion protein is 
expressed on die phage surfece (McCafif«y et d. (1990) Nature. 348: 552-554; 
Hoogenboom et al. (1991) Nucleic Acids Res., 19: 4133-4137). For example, a sFv 
gene coding for the Vh and domains of an and-lysozyme antibody (D1.3) was inserted 
into the phage gene III resulting in the production of phage with the DL3 sFv joined to 
the N-terminus of pm thereby producing a "fusion" phage oqxable of binding lysozyme 
(McCafferty et al. (1990) Nature, 348: 552-554). 

Since die antibody firagmoits on the sur&ce of the phage are functional, 
phage bearing antigm binding antibody fragments can be separated from non-binding or 
lower afiinity phage by antigen affinity chromatognphy (McCafferty et d. (1990) 
Nature, 348: 552-554). Mixtures of phage are altowed to bind to the affinity matrix, 
non-binding or Iowm* affinity phage are removed by washing, and bound phage are eluted 
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by treatment with add or alkali. Depending on die affinity of the antibody fragment, 
oirichment &ctois f 20 fold-1 ,000,000 fold are obtained by single round of affinity 
sdection. By infecting bacteria with the duted phage, however, more phage can be 
grown and subjected to another round of selection. In this way, an enrichment of 1000 
fdd in one nnmd becomes 1,000,000 fold in two rounds of selection (McCaffeity et al. 
(1990) Nature. 348: 552-554), Thus, even when enrichments in each round are low 
(Marks et aL (1991) /. Mol Biol. 222: 581-597), multiple rounds of affinity selection 
leads to the isolation of lare phage and the genetic material contained within whidi 
encodes the sequence of the bindii^g antibody. The physical link between genotype and 
idieno^ provided by ^lage display makes it possble to test every monber of an 
antibody iiagment library for binding to antigen, even wifli libraries as laige as 
100,000,000 dones. For example, after multiple rounds of selection on antigen, a 
binding aiFV that occurred with a fiequency of only 1/30,000,000 dones was recovered 
(Marks et aL (1991) J. Mol Biol. 222: 581-597). 

Analysis of binding is simplified by indudiqg an amber codon between die 
antibody fragment gene and gene m. This makes it possible to easUy switdi between 
diqdayed and solubte antibody fragments simply by changing die host bacterial strain. 
When phage ace grown in a sapB suppresser strain otE. coU, die amber stop codon 
between die antibody gene and gene m is read as glutamine and die antibody fragment is 
displayed on die surface of die phage. When duted phage are used to infect a 
non-supressor strain, die amber codon is read as a stop codon and soluble antibody is 
secreted from die bacteria into the periplasm and culture media (Hoogenboom et al. 
(1991) Nucleic Adds Ites.. 19: 4133-4137). Binding of soluble sFv to antigen can be 
detected, e.g.. by ELISA using a murine IgO monoclonal antibody (e.g.. 9EI0) which 
recognizes a C-terminal myc peptide tag on die sPv (Evan et al. (1985) Mol Cell Biol. 
5: 3610-3616; Munro et al. (1986) Cett. 46: 291-300), e.g.. followed by incubation widi 
polydonal anti-mouse Fc conjugated to horseradish pooxidase. 

B) r h aec feplav can be used to increase mta^y a ffi pit r , 

To aeate higher affinity antibodies, mutant sFv gene rqiertories. based oa 
die sequence of a binding sFv, arc created and eiqnessed on die sur^ of phage. 
Higher afiBnity sFvs are sdected on antigen as described above and in Examples 1 and 2. 
One approach for oeating mutant sFv gene rqiertoirBS has been to iq>lace dtiier die Vh 
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or Vx, gene from a binding sPv with a iq>eitoire of nonimmune Vh or Vl genes (chain 
shuffling) (dadcson et al. (1991) Nanm, 352: 624-628). Sudi gene lepertoiies contain 
numenms variable genes derived from the same germline gene as the binding sFv, but 
with point mutations (Marks et al. (1992) Bio/Tedmohgy, 10: 779-783). Using light 
chain shuffling and phage display, the binding avidities of a human sFv antibody 
fiagmrat can be dramatiaclly increased. See, e.g., Marks ei al. Bio/Tedmohgy, 10: 
779-785 (1992) in which the affinity of a human sFv antibody fragment wtich bound the 
hapten phenyloxazokme 0>hox) was increased from 300 nM to 15 nM (20 fold) (Marks et 
a. (1992) Bio/Tecfmology, 10: 779-783). 

Q IsolaUon and ghflrarterimtinn nf r<g,f . n hiimn n gFV wMrfi hini^ g 

Isolation and characterization of C6.5 is described in detail in the 
Examples below. Human sFvs which bound to c-erfoB*2 were isolated by selecting the 
noninunune human sFv phage antibody library (described in Exanq>le 1) on c-erbB-2 
extracellular domain pq>tide immobilized on pdystyiene. After five rounds of selection, 
45 of 96 clones analyzed (45/96) produced sFv which bound c^crb-B2 by EUSA. 
Restriction fragments analysis and DNA sequencing revealed the presence of two unique 
human sFvs, C4 and C6.5. Both of these dPvs bound only to c-erbB-2 and not to a 
panel of 10 irrelevant antigens. Cell binding assays, however, indicated that only C6.5 
bound c*erb-B2 e^qxressed on cells, and thus this sFv was selected for further 
characterization. 

Purificiitinnnf QC ^, 

To facilitate purification, the C6.5 sFv gene was subdoned into ttie 
expression vector pXJC119 Sfi-NotmycHIS which results in the addition of the myc 
pq>tide tag followed by a hexahistidine tag at the C-terminal end of the sFv. The vector 
also encodes the pectate lyase leader sequence which directs expressim of the sFv into 
the bacterial periplasm where the leader sequoice is cleaved. This makes it possible to 
harvest native property folded sFv direcdy from the bacterial per^lasm. Native C6.5 
sFv was expressed and purified from the bacterial siq)ematant u^g immobilized metal 
affinity chromatogr^y. The yield after puriiication and gel filtration on a Superdex 75 
column was 10.5 mg/L. Other C6 antibodies may be purified in a similar manner. 
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m Meflsmement Of C6,g flf fiidtv for fscA 

As e9q>lained above, selection for increased avidity involves measuring the 
affinity of a C6 antibody (e,g, a modified C6*S) for c-crbB-2. Methods of making such 
measurements axe described in detail in Examples 1 and 2. Briefly, for example, die 
of C6.5 and the kinetics of binding to c-ert>B-2 were detennined in a BIAcore, a 
biosensor based on surface plasmon resonance. For Ais technique, antigen is coupled to 
a (ferivatized sensor chq> equable of detecting changes in mass. When antibody is passed 
over the sensor ch^, antibody binds to the antigen resulting in an increase in mass which 
is quantifiable. Measurement of tfie rale of association as a fonction of antibody 
concentration can be used to calculate die assodation rate constant (O* Afier the 
association phase, buffer is passed over the cUp and the rate of dissociation of antibody 
Qc^ determined. Rate constant Is:^ is typically measured in the range 1.0 x 10^ to S.O x 
10* and koir in the range 1.0 x lO"* to 1.0 x 10^. The equilibrium ccmstant K* is often 
cal cu la t ed as KafKm and thus is typically measured in the range 10^ to 10*". Affinities 
measured in this manner correlate well with afBnities measured in solution by 
fluorescence quench titration. 

F> Affinitv of C6.S for iv^rhn,l. 

Hie kinetics of binding and afSnity of purified C6.S were determined by 
BIAcore and the results are shown in Tible 2. The Kj of 1.6 x 10* M determined by 
BIAcore is in dose agreement to the Kd determined by Scatdiard analysis after 
radioiodination (2.0 X 10* M). C6.5 has a r^id k«, and a relatively r^d k^y. The 
r^ k,^ correlates with the in vitro measuremoit that only 22% of an injected dose is 
retained on the surftce of SK-OV-3 cells after 30 minutes. Biodistribution of C6.S was 
detennined and the percent injected dose/gm tumor at 24 hours was 1.1% with 
tumor/organ ratios of 5.6 for kidney and 103 for bone. These values compare fiavorably 
to values obtained for 741F8 sFv. 741F8 is a monodonal antibody capable of binding c- 
erbB-2 (see, e.g., U.S. Patent 5,169,774). TTie of 741F8 was also measured by 
BIAcore and agreed with tiie value detOTnined by scatdiard analysis (Table 1). 
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Table 1 Characterization of aiiti-cerbB-2 sFV species. Characteiisdcs of the murine 
anti-c-erbB-2 sPv» 741F8, aod the human sFv C6.S ate compared. The affinity and 
dissociation constants were determined by Scatchard plot analysis, unless otherwise 

5 stated. Dissociation from c-eibB-2 positive (SK-OV-3) cells was measured in an in vitro 
live ceU assay. The pooentage of injected dose per gram (%ID/g) tumor and tumor to 
organ ratios were determined in biodiistribution studies performed in separate groups of 
scid mice (n— 10-14) bearing SK-OV-3 tumora overexpressing c-erbB-2. SEKf axe 
<3S% of the assodated values, a » significantly improved QX0.Q5) compared to 

10 741F8 sFv. 



Parameter 


741Fg 


C6.5 


K4 (BIAcore) 


2.6x10* M 


1.6x10* M 


Ka (Scatchard) 


5.4x10* M 


2.1x10* M 


ko. (BIAcore) 


2.4x10* 


4.0x10* M-» r* 


koff (BIAcore) 


6.4x10* s* 


6.3x10* S-* 


% associated with cell surface at 
15 min 


32.7% 


60.6% 


% assodated with cdl sur&ce at 

in mm 

ju mul 


8.6% 


22.2% 


%ID/e Tumor 


0 8 

v.o 




TrBlood 


14.7 


22.9 


T:Kidney 


2.8 


5.6a 


Triiver 


14.2 


22.3 


TrSpleen 


10.3 


34.1 


Trintestine 


25.0 


29.7 


T:LuQg 


9.4 


15.8 


TzStomadi 


8.9 


11.1 


T:Musde 


78.8 


158.7 


TrBone 


30.0 


102.7 



These results show that a human sFv which binds spedfically to c-erbB-2 
with mod^ate afiinity was been produced. The sPv esqiresses at high levd in £. coli as 
native sFv, and can be easily purified in high yidd in two steps. Techniques are known 
35 for the rapid and effidentiy purification of sFv from the bacterial pmplasm and to 
measure affinity without the need for labding. 
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ff) Fitf t!Py>^e affinity nf HnpuriTied sFV for ivgrhB>2, 

Phage display and sdecti n g^ierally results in (he selection of higher 
affinity mutant siPvs (Marks er al. (1992) Bh/Tedmology, 10: 779-783; Hawkins et al. 

(1992) Mol BioL 226: 889-896; Riechmann et al. (1993) Btochemlsny, 32: 8848- 

5 8855; dackson er of. (1991) Nature, 352: 624-628), but probably does not result in the 
sq>aration of mutants with less than a 6 fold difference in affinity (Riechmann et al. 

(1993) Blodtemstry, 32: 8848-8855). Thus a lapd method is needed to estimate the 
relative affinities of mutant sPvs isolated aft^ selection. Since increased affinity results 
primaxily firom a reduction in the measurement of 1^ should identify higher affinity 

10 sPv. koir can be measured in die BLkcoie on unpuiified sFv in bacterial periplasm, since 
eacpression levels are high enwgh to give an adequate binding signal and k«fr is 
ind^endent of concentration. Tlie value of k^ fttr periplasmic and purified sFv is in 
dose agreement (Table 2). 

15 Table 2. Comparison of)^ determined on sFv in bacterial pei^lasm and after 
purification by IMAC and gd filtration. 



sFv 




C6-5 periplasin 


5.7 X 10* 


C6-S punfied 


6.3 X 10* 


C6-5ala3 periplasin 


9.3 X 10* 


C6-Sala3 purified 


1.5 X 10* 


C6-5a]alO p^plasm 


3.7 X 10* 


C6-Salal0 purified 


4.1 X 10^ 



Ranking of sFv by k;^, and hence rdative affinity, can be determined 
widiout purification. D^ermination of rdative affinity without purification significantly 
increases the rate at v^ch mutant sFv are charact^ized^ and reduces the number of 
mutant sFv subcloned and purified which do not show improved binding characteristics 
30 over C6.S {see results of light chain shuffling and randomization below). 



m Increasing the affinity of C6,5hvfhfttnrfnifninf>. 

To alter the affinity of C6.5, a mutant sFv gene rq^eitoire was created 
containing the VH gene of C6.5 and a human VL gene repertoire (light chain shuffiing). 
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The sFv geae repertoire was cloned into the phage display vector pHEN-1 (Hoogenboom 
er al. (1991) Nucleic Adds Res. , 19: 4133-4137) and afte transformation a library of 2 x 
lO' transformants was obtained* Phage were impared and ooncmtrated as described in 
Exanqde 1 or 2. 

Selections were performed by incubating the phage with biotinylated 
c-eibB-2 in solution. The antigen concentration was decreased eadi round, reaching a 
concentration less than the desired by the final rounds of selection. This results in the 
selection of phage on the basis of afEinity (Hawkins ei al. (1992) J, Mol Biol 226: 
889-896). After four rounds of selection, 62/90 clones analyzed produced sFv which 
bound c-erbB-2 by EUSA. Single dmin Fv was expressed ftom 48 ELISA positive 
dcmes (24 from the 3rd round of selection and 24 from ttie 4th round of selection), the 
periplasm harvested, and the sPvk^ determined by BIAcoie. Single^chain Pvs were 
identified with a three times slower than C6.5. The light chain gene of 10 of these 
sPvs was sequenced. One unique light chain was identified, C6L1. This sFv was 
subdoned into the hexahistidine vector, and expressed sFv purified by IMAC and gd 
filtration. Affinity was deterniined by BIAcore (Table 3). 

Table3. Affinity and kinetics of binding of C6.5 light and heavy dmin shuffled mutant 
sPv. 



sFv done 


K,(M) 


k« (Nt' s ') 




C6.5 


1.6 X 10* 


4.0 X 10* 


6.3 X 10^ 


C6L1 (light disan shuffle) 


2.6 X ia» 


7.8 X 10* 


2.0 X la* 


C6VHB-4 (heavy diain shuffle) 


4.8 X ia» 


1.25 X 10* 


6.bxl(r* 


C6VHC (heavy diain shuffle) 


3.1 X 10* 


8.4 X 10* 


2.6 X 10* 



For heavy chain shuffling, the C6.5 VH CDR3 and light chain were 
cloned into a vector containing a human VH gene repertoire to create a phage antibody 
library of 1 x 10^ transformants. Sdections were p^ormed on biotinylated c-ert>B-2 and 
after four rounds of sdection, 82/90 dones analyzed produced sFv whidi boimd c-erbB-2 
by EUSA- sFv was expressed from 24 EUSA positive dones (24 from the 3rd round of 
selection and 24 from the 4th round of sdection), the periplasm harvested, and the sFv 
koff determined by BIAcoie. Two dones were identified which had slower than C6.5 
(C6VHB-4 and C6VHC-4). Both of these were subdoned, purified, and affinities 
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detennined by BlAcoie (T^le 3). The afiini^ of C6.5 was increased 5 fold by heavy 
chain shufQing and 6 fold by light chain shuffling. 



P IncreaslMthealTmitYOfCfrSbYsitedire^ 
s CPR Of thgUat Chain, 

Die majority of antigen contacting amino add side chains aie located in 
the complementaiity determining r^ons (CDRs), three in the Vh (CDRl, CDR2, and 
CDR3) and three in the (CDRl, CDR2, and CDR3) (CSiothia et al. (1987) MoL 
BioL,l96: 901-917; Cholhia ei oL (1986) Science, 233: 755-8; Nhan ei al. (1991) /. 

10 AM. BioL, 217: 133-151). Th^ residues contribute the majority of binding energetics 
responsible for antibody afBnity for antigm. In other molecules, mutating amino adds 
which contact ligand has been shown to be an effective means of increasing the afOnity 
of one protdn molecule for its binding partner (Lowman of. (1993) /. Mol MoL, 234: 
564-578; Wdls (1990) Biochemistry, 29: 8509-8516). Thus mutation (randomization) of 

15 the CDRs and screening against c-erbB-2 may be used to generate C6 antibodies having 
improved binding affinity. 

For mxaple, to increase the afBnity of C6.5 for c-erbB-2, nine amino 
add residues located in VL CDR3 (residues 89-95b, numbering according to Kabat et al, 
(1987) stgfTo. ; Table 2). were partially randomized by synthesizing a 'doped' 

20 oligonucleotide in which tiie wild type nudeotide occurred with a frequency of 49%. 

The oligonucleotide was used to amplify the rraiainder of the C6.5 sFv gene using PGR. 
The resulting sPv gene repertcnre was cloned into pCANTAB5£ (Pharmacia) to create a 
phage antibody library of 1 x IQF transformants. The mutant phage antibody library was 
designated C6VLCDR3. 

25 Sdection of the C6.5 mutant VL C3DR3 library (C6VLa5R3) was 

performed on biotinylated c-erbB-2 as described above for light chain shuffling. After 
tiiree rounds of sdection 82/92 clones analyzed produced sFv which bound c-erbB-2 by 
ELISA and aft^ 4 rounds of sdection, 92/92 dones analyzed produced sFv which bound 
C-erbB-2. Single-chain Fv was expressed from 24 EUSA positive dones from the 3rd 

30 and 4th rounds of sdection, the periplasm harvested, and the k;^ determined by BlAcore. 
Thebes dones had a ICeirapproxiniatdy 5 to 10 times slower than tiiat of C6.^ The 
light chain genos of 12 sPvs with the slowest k;^ times from the 3rd and fourth round of 
sdection were sequenced and each unique sFv subdcmed into pUC119 Sfi-NotmycHis. 
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Single-cbain Fv was ejqnessed, punfied by IMAC and gd filtration, and sFv afiinity and 
binding kinetics determined by BlAcoie (Table 4). Mutant aPv wm identified widi 16 
fold increased afSnity for 



T^le 4. Amino add sequence, a£Snity, and binding kinetics of sFv isolated from a 
libiaiy of C6.5 mutants. Table identified mutants isolated after die third and fouitfi 
rounds of selection. The entire VL CDIG of C6.S is shown with the residues subjected 
to mutagenesis (89-9Sb) undedined. Rate constants k;. and k^i, were measured on 
purified and gd filtered sFV by SPR in a BIAcore and the Kd calculated. A hyidien **-" 



sPv clone 


Vj^ CDR3 

sequence 




^ i JT^ B" 




C6.5 


8 9 9 

9 5ab 7 
AAWDDSLSGHV 


1*6 X 10"® 


4.0 X 10^ 


6.3 X 10"^ 


3rd Round of soloctlon: 




C6HL3-5 




3.2 X 10"® 


5.9 X 10^ 


X.7 X 10 


C6HL3-2 




2.8 X 10"® 


7.1 X 10® 


2.0 X XU 


C6ML3-6 


-s~y 


3.2 X 10"® 


5.9 X 10® 


X.7 X XO 


C6ML3-1 


y— w — 


6.7 X 10"® 


3.0 X 10® 


9 ft V 1 ft*3 


C6ML3-3 


-T~YA 


4.3 X 10"® 


4.6 X 10® 


2.0 X 10"^ 


C6ML3-7 


YAV 


2.6 X 10"® 


6.5 X 10® 


1.7 X 10"^ 


C6ML3**4 


-S-EY— -W 


3.5 X 10"® 


4.0 X 10® 


1.4 X 10"^ 


4^ Round e 


>f selection: 






C6ML3-12 


y-R 


1.6 X 10"® 


4.5 X 10® 


7.2 X 10"* 


C6ML3-9 


-S~YT 


1.0 X 10"® 


6.1 X 10® 


9.2 X 10"* 


C6ML3-10 


E-PWY 


2.3 X 10"® 


6.1 X 10® 


1.4 X 10"^ 


C6ML3-11 


YA-W 


3.6 X 10"® 


6.1 X 10® 


2.2 X 10"^ 


C6KL3-13 


AT-W 


2.4 X 10"® 


8.7 X 10® 


2.1 X 10"^ 


C6HL3*8 


HLRW 


2.6 X 10"® 


6.5 X 10® 


1.7 X 10"3 


C6ML3-23 


-S~H~W 


1.5 X 10"® 


6.7 X 10® 


1.7 X 10"^ 


C6ML3-19 


-S— -RP-W 


1.5 X 10"® 


6.7 X 10® 


1.0 X 10"^ 


C6J5L3-29 


GT-W 


2.7 X 10"® 


12.9 X 10® 


2.2 X 10"^ 


C6ML3-15 


RP-W 


2.2 X 10"® 


5.9 X 10® 


1.3 X 10"^ 


C6ML3-14 


P-W 


1.0 X 10"® 


7.7 X 10® 


7.7 X 10"* 
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Partial randomization of a siogle CDR (V^ CDR3) resulted in the creation 
of mutant sFvs with 16 fold higher affinity for c-abB-2, indirq ting that CDR 
randomization is an effective means f tawtiag higher affinity sPv. Hie results also 
show that the mediod f selecting and identifying higher affinity sFv by reducing soluble 
antigen ccmcentzation during selections and screening periplasms by BIAcore iniOT 
sequencing, subdoning and purification provides an effective way to isolate high affinity 
antibodies. 



J) CreatlQII of C6.5 rsFV'), and (nFv). hmnnHhn^n ^ Mtd rffert ni. affinttv an.| 

To create C6 (sPv*)} antibodies, two C6 sFvs are joined through a 
disulfide bond, or linker (e.g., a carbon linker) between die two cysteines. TocrcateC6 
(sPv),, two C6 sFv are joined directty through a peptide bond or through a pqMide 
linker. Thus, fiw eranqite, to create disulfide linked C6.5 8Pv\ a cysteine residue wm 
introduced by site directed mutagenesis between the myc lag and hexahistidine tag at the 
carboxy-temiinus of C6.5. Introducticm of the correct sequence was verified by DNA 
sequendng. The construct is in pUC119, the pelB leader directs expressed sFv' to the 
periplasm and doning sites (Ncol and Notl) exist to introduce C6.5 mutant sPv'. This 
vector is called pUC119/C6.5 mycCysHs. Bqnessed sPv' has the myc tag at the 
C-terminus, fallowed by 2 glycines, a cysteine, and dien 6 histidines to ftdlitate 
purification by IMAC. After disulfide bond formation between the two cysteine 
residues, the two sFv' are separated ftom each other by 26 amino adds (two 11 amino 
add myc tags and 4 glycines). An sFv' was expressed from tins construct, purified by 
IMAC, and analyzed by gd filtration. The majority of ti» sFV' was monomeric. To 
produce (sFv'), dimers, tiie cysteine was reduced by incubation witii 1 MM 
beta-mercaptoethanol, and half of tiie sFv' blocked by the addition of DTNB. Blocked 
and unblocked sFv's were incubated together to form (sPv*), and tiie resulting material 
analyzed by gd filtration. 50% of tiie monomer was converted to (sFv'), homodimer as 
determined by gd filtration and nonredudng polyacrylamide gd electrophoresis. The 
affinity of tiie C6.5 sFv' monomer and (sFv')2 dimer were determined by BIAcore 
(Table 5). Tiie apparent affinity (avidity) of C6.5 increases 40 fold when converted to 
an (sFv*), homodimer. 
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Table 5. AfSnides and binding kin^ics f C6.S aFv and C6.S (sPv*),. 



done 


K. (Mi 




Ir _ ff^\ 
*«<rl» } 


C6*5 monomer 


1.6 X 10* 


4.0 X 10* 


6.3 X 10« 


C6.S dimer 


4.0 X 10" 


6.7x10* 


2.7x10^ 



The C6.S (sFv*)2 exhibits a significant avidity e£Gsct conqiaied to the sFv. 
Thus» this zpproadi increases antibody firagment a£Bnity, while remaining below the 
renal threshold for excretion. 

In a particularly preferred embodiment, die (sFv)2 dimer is esqiressed as a 
diabody (HoUiger er a/. (1993) Proc, Natl Acad. Set. USA, 90: 6444-6448; and WO 
94/13804)* This yields a bivalent molecule consisting of two C6.S sFv polypq>tide 
chains, since the VH and VL on the same pqidde chain cannot pair. The production of 
a pq>tide linked C6.5 diabody is described in Exaniple S, below. In this example, the 
peptide linkier sequence betweoi the VH and VL domains was shortened from IS amino 
adds to S amino adds. Synthetic oligonucleotides encoding the 5 amino add linker 
(G4S) were used to PGR amplify die C6.5 Vh and V^, genes which were dien spliced 
together to create the C6.S diabody gene. The gene was dim doned into an ^ropriate 
vector, e^iressed, and purified according to standard methods wdl known to those of 
skill in the art In another preferred embodiment, the (sFv), dimer is produced usmg a 
longer peptide liner that permits die Vh and VI to pair, yidding a single polypeptide 
chain with two C6 binding sites. 

K> Effect of sFv affinav oninvtm crii htfirtlnp f«H in vivn hindi^nrtAn. 
As described in die preceding section, diain-shuffied and point-mutation 
variants of C6.5 have been prepared wifli ranging firom 1.0 x 10-* M to 1.0 x 10-' M. 
The mutant sFv have been iised to examine die effects of binding affinity and kinetics on 
in vitro cell binding and on in vivo biodistribution. Cell sur&ce retention assays 
demonstrate that higher a£firuty sFv are retained to a much greater extent than lower 
affinity sPv. For sFv of approximatdy die same affinity, sFv widi slower are better 
retained on the cell sur£ace. In competitive binding assays, all of the molecules compete 



wo 97/00271 PCTAJS96/1 0287 

27 

in a dose dependent &shion with biotinylated C6.S for c-erbB-2 on the surface of SK- 
BR-3 cells. 

Twenty four hour biodistribution studies were pof ormed in sdd 
micebeaiing s.c* SK-OV-3 tumors to examine the role of afGnity in the specificity and 
5 d^iee of tumonetention. These assays employed ^^-labded ftirms of C6.5, C6G98A, 
C6ML3-9 and a negative control sFv at a dose of 25 mg. The c-erbB-2-specific sFv 
were selected to provide the following Oepmsc inoease in afBnity; C6a98A (3.2 x 
l(r\ C6.5 (1*6 X 10*) and C6ML3-9 (1.0 x 10^. The hiodistributiQn studies revealed a 
dose correlation between the afBnity and the %ID/g of the ladioiodinaled siFv rmined in 

10 tumor. The greatest degree of tumor retoition was observed with ^-C6ML3-9 (1.42 ± 
0.23 %ID/g). Significandy less tumor retention was achieved with ^-C6.5 (0.80 ± 
0.07 %ID/g) (p=0.O3O6). Knafly, the tumor retention of the lowest affinity done 
C6G98A (0.19 ± 0.04 %ID/g) was significantly less than that of C6.5 Cp^'O.OOOOl) and 
was identical to that of the negative control ^-26-10. Ihe T:0 ratios also reflected the 

15 greater nation of higher-afSnity spedes in tumor. For example, tumonblood ratios of 
17.2, 13.3, 3.5 and 2.6, and tumor to liver ratios of 26.2, 19.8, 4.0 and 3.1 were 
observed for C6ML3-9, C6.5, C6G98A and 26-10, re^tivdy. 

These results demonstrate that selective tumor retention of sFv molecules 
correlates with dieir afBnity properties. With further increases in afGnity, additional 

20 improvements in tumor retention are observed. 

L) ADDiTOchtoprodiirehiPheraffinitvhiimi>n«Py^ 

As described above and in Examples 1 and 2, a C6 antibody (e.^. C6.5 
SiFv), which binds specifically to c-erfoB-2, is eiqiressed at high levd in R coU as native 

25 protein, and can be simply purified in high yield. Optimized techniques for creating 
large C6.5 mutant phage antibody libraries and developed t^hniqiirs for efficiently 
sdecting higher affinity mutants from these libraries are provided. These tedmiques 
wm used to increase C6.5 affinity 16 fold, to 1.0 x 10^ M, by randomizing CDR3, 
and S and 6 fold by heavy and light diain shuffling respectivdy. 

30 To further increase affinity, mutant C6.5 phage antibody libraries can be 

created where the other CDRs are randomized (Si. CDRl and CDR2 and Vg CDRl, 
CDR2 and CDR3). Each CDR is randomized in a separate library, using, for example, 
C6ML3-9 as a template (Kj = 1.0 x 10^ M). In a prefiened embodiment, CDRs can be 
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sequentially landoxmzed, usng the highest a£Giii^ sFv as the template- for the next round 
of mutagenesis. This approach would be preferred when mutating CDRs that pack on 
each other, for example VL and VH CDR3. In another embodiment, CDRs could be 
mutated in paiaM, and mutations combined to achieve an additive effect on affini^. 
5 This fi^roadi has been used to increase the afiBnity of human growth hormone QtGH) 
foe the growth hormone iecq)tor over 1500 fold from 3.4 x 10*'^ to 9.0 x lO"" M 
(Lowman et al. (1993) /. MoL BioL, 234: 564-578. 

Vh CDR3 occupies the center of the binding pocket, and thus mutations in 
dus r^ion are likely to result in an increase in affinity (Cladcson et al. (1995) Science, 

10 267: 383-3S6). In one embodiment, four Vh CDR3 residues at a time are randomized 
using the nucleotides NNS. To oeate the library, an oligonudeotide is synthesized 
whidi anneals to the C6.5 Vh framework 3 and encodes Vg CDR3 and a portion of 
framework 4« At die four positions to be randomized, the sequence NNS is used, where 
N » any of flie 4 nucleotides, and S » C or T. The oligonucleotide are used to anq)lify 

15 the C6.5 Vh gene using PGR, creating a mutant C6.5 VH gene icpertoiTe* PGR is used 
to splice the VH gene rq>ertoire with the C6ML3-9 light diam gene, and the resulting 
sFv gme iqi^ire dcmed into the phage display vector pHEN-L Ligated vector DNA 
is used to transform dectrocompetent £. coli to produce a phage antibody library of > 
l.OXlO'dones. 

20 To select higher afiGnity mutant sFv, each round of selection of the i^iage 

antibody libraries is conducted on decreasing amounts of biotinylated c-erbB-2, as 
described in the Examples. Typically, 96 dones from the third and fourth round of 
sdecdon are screened for binding to c-erbB-2 by ELISA on 96 well plates. Single-chain 
Fv from twenty to forty EUSA positive dones are expressed in 10 ml cultures, die 

25 periplasm harvested, and the sFv k.^ determined by BIAcore. Clones with the slowest 
koff are sequ^iced, and each unique sFv subdoned into pUC119 SfiNotinycHis. Single 
chain Fv is expressed in IL cultures, and purified ais described supra. Affinities of 
purified sFv are determined by BIAcore. Randomization of one four amino add s^ment 
of Vh CDR3 produces a C6 mutant with a Kd of 1.6 x 10"^** M (see Example 3). 



30 
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M> In vtro cefl WndinP a5ffiflYS> in vivo Dhannflcokifi^ and biodtoribution 
studies. 

Once higher affinity siPv's are identified, pnxiuction is scaled up to 
provide adequate material for in vinv cell binding assays and in vivo pharmaookin^c 
and faiodistiibution ^dies* Techniques for scaling up production are known. Bri^y, in 
one embodiment, sFv is oppressed in E. coli cultures grown in 2 liter shak^ flasks. 
Single-diain Fv is purified from the periplasm as described above and in Exanq>les 1 and 
2. Bfotant sPv of higher affinity are tested usii^ the cell retention assay described in 
Examples 1 and 2. Since the tia of retention should be approximately two hours when 

is less than 10^» the assay is done at 30» 60, 120, 240 minutes and 18 hour 
incubations. Scatchard analyses may be performed on selected samples. 

These studies show that affinities measured in the BlAcore on immobilized 
antigra correspond to improved ceU binding. Hie pharmacokinedc and biodistribution 
properties of sPv mdecules with broadly different af&uty chaiacterisdcs are screened 
using labeled sPv and sdd mice bearing human SK-OV-3 tumors. This serves to identify 
molecules widi in viyo properties that make thffli unsuitable for use as therqieutics 
une3q>ected aggregation, or unacceptable normal organ retention properties. 

Twoity four hour biodistribution results are convenient indicators of 
overall biodistribution properties. C6 antibodies, for exanqde C6.S mutants, with 
affinities between 1.6 x la* M and 1.0 x la'^ M, and which differ at least 3 to 4 fold in 
affinity, are screened. Mutants with similar but with dissimilar koir are also studied. 
A number of C6.S series afSnity variants are tested and more extensive biodistribution 
studies performed on molecules that differ significantiy from C6.S or die nearest affinity 
variant in 24 hour biodistribution charactmstics. These data are used to generate 
tissue-spedfic ATJC determinations, as well as tumonnonnal organ AUC ratios and 
MIRD estimates. 

Sample molecules assodated with fiavorable predicted human dosimetry 
{e.g., based upon the MIRD formulation) are assayed for their in vm> ther!9)eutic 
efficacy in mice. 

An affinity of 1.0 x 10~" can be chosen as an endpoint in this preferred 
embodiment because the assodated k^ (10^ results in a t|/2 for dissociation from tumor 
of greater than 20 hours. Higher affinity midpoints can be selected and result in even 
longer retmtion. The for dissociation of C6.S is ^;iproximatdy 3 minutes. This 
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invention provides optiinized techniques for creating large C6*S mutant phage antibody 
libraries and tediniqties for efficiently sdecting higher affinity mutants firom these 
libraries. A number of C6.S mutants with affinities between L6 x 10^ M to 1.0 x lO*^® 
M are provided. Combining these mutations into the same sFv produces sPv mutants 
with K< between 1.6 x ia**?M and 3.3 x la" M. 

N) Preparation of C6 fsFV),>(5Fyn, Fab, and fFah n, coningat« nitii 

C6 antibodies sudi as C6.S sFv, or a variant with higher afSnity, are 
suitable templates for creatii^ size and valency variants. For esuunple, a C6.5 (sFv*)2 is 
created finom die parent sPv as described above and in Example 1. AnsFv'canbe 
created by excising teh sPv gene, e.g., wifli Ned and Nott fiom pHEN-1 or pUC119 
Sfi-Notmycffis and cloned into pUC119C6.5mycCysHis, cut with Ncol and Notl. In one 
embodiment, caressed sPv* has a myc tag at die C-terminus, followed by 2 glycines, a 
Cystdnet ai&d 6 hisddines to fedlitate purification. After disulfide bond formation 
between the two cysteine residues, die two sFv should be separated fiom eadi other by 
26 amino adds (e.;., two 11 amino add myc tags and 4 glycines). SFv is eaqxressed 
fiom diis construct and purified. To produce (sPv*)2 dimers, the cysteine is reduced by 
inoibation widi 1 Mm beta-mercaptoedianol , and half of die sPv blodced by die additim 
of DTNB. Kocked and unblocked sFv are incubated togedier to form (sFv')2, which is 
purified. This zpptoacb was used to produce C6.5 (sPv')2 dimer, which draonstrates a 
40 foM higher afiBnity dian C6.5. A (sFv')2 may be constructed for example, from 
C6Ll(Kd = 2.5xlO*M)andC6ML3-9(Ka== 1.0xia*M). As higher affinity sFv 
become available, thdr genes are similarly used to construct (sFv*)^. 

Alternatively, C6 (sFv), can be produced by linking die two sPv by a 
peptide, as described in Exan^e 5. As higher affinity sFv become available didr genes 
can be used to construct higher affinity (sFv)}. 

C6.5 based Fab are expressed in E. coli using an expression vector similar 
to die one desaibed by Better et. al. (Better et aL (1988) Sdence, 240: 1041-1043). To 
create a C6.5 based Fab, die VH and VL genes are antplified fiom die sFv using PGR. 
The VH gene is doned into a PUC119 based bacterial expression vector which provides 
die human Iffj CHI domain downstream from, and in fiame widi, die Vg gene. The 
vector also contains die lac promoter, a pdb leader sequence to direct caressed Vh-CH1 
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domain into the periplasm, a gene 3 leader sequence to direct expressed light chain into 
the periplasm, and doning sites for the light chain gene. Clones ccmtaining the correct 
VH gene are identified, e.g., by PGR fingerprinting. The Vl gene is spliced to the 
gene using PGR and cloned into the vector containing the Vk CHI gene. 

m> Ppgparntioi^ fff Chim eric Molecnles . 

In another embodiment this invention provides for chimeric molecules 
comprising a C6 antibody attached to an efiiector molecule. As e3q>lained above, the 
effector molecule component of the chimeric molecules of this invention may be any 
molecule whose activity it is desired to deliver to cells that express c-erbB-2. Suitable 
effector molecules include cytotoxins such as PE, Ridn, Abrin or DT, radionuclides, 
ligands such as growth factors, antibodies, detectable labels sudi as fluorescent or 
radioactive labds, and therapeutic compositions such as liposomes and various drugs. 

A) CYtrtffyirff, 

Particularly preferred cytotoxins include Pseudomonas exotoxins, 
D^hOteria toxins, ririn, and abrin. Pseudomonas exotoxin and D^Oaeria toxin, in 
particular, are fiequently used in chimeric cytotoxins. 

n Pseudomonas motmrin ffE) 

PseudoTnonas exotoxin A (PE) is an extrondy active monomaic protrin 
(molecular wdght 66 UJ), secreted by JPisc^^ which inhibits protein 

synthesis in eukaryotic cdk through the inactivation of elongation fector 2 (EF-2) by 
catalyzing its ADP-ribosylation (catalyzing the transf of the ADP ribosy 1 mdety of 
oxidized NAD onto EF-2). 

Hie toxin contains three structural domains that act in concert to cause 
cytotoxicity. Domain la (amino adds 1-252) mediates ceU binding. Domain H (amino 
adds 253-364) is responsible for translocation into the cytosol and domain m (amino 
adds 400-613) mediates ADP ribosylatiM of dongaticm factor 2, v/tdch inactivates the 
protdn and causes cdl death. The function of domain lb (amino adds 365-399) remains 
undefined, although a large part of it, amino adds 365-380, can be deleted without loss 
of cytotoxidty. See Si^ et al., /. BioL Oienu 264: 14256-14261 (1989). 
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For maximum cytotoxic properties of a preferred FE molecule, several 
modifications to the molecule are recommended. An appropriate cartKxxyl terminal 
sequence to the recombinant molecule is i>cefened to translocate the molecule into the 
cytDsd of target ceiDs* Amino add sequences which have been found to be effective 
5 indude, SEDLK (as in native PE), SEDL, RDEL, or KDEL, repeats of ttiose, or other 
sequences diat function to maintain or re^de proteins into die endoplasmic reticulum, 
referred to here as "endoplasmic retention sequences". See, for example, Chaudhary et 
dl, Proc. Natl Acad. Sd. USA 87:308-312 and Seetharam ei al, J. BtoL Otem. 266: 
17376-17381 (1991). 

10 The targeting noolecule can be ins^ted in rcplacment for domain A 

similar insotion has been accomplished in what is known as the T(3Fa-FB40 molecule 
(also refiencd to as TP4(0 described in Hdmhrooker a/., /V^ Natl Acad. ScL, USA, 
87: 4697-4701 (1990). See also, Debinski ei aL Biocof^. Chenu, 5: 40 (1994) for other 
PE variants). 

15 Hie PE molecules can be fused to the C6 antibody by recombinant means. 

The graes encoding protein chains may be doned in dONA or in genomic form by any 
doning procedure known to those skilled in the art See for example Sambrook^al., 
Molecular Cloning: A Ldboraxorf Mamud, Cold Spring Harbor Laboratory, (1989). 
Methods of doning genes encoding PE fused to various ligands are well known to those 

20 of skill in the art See, for example, Si^all et aL. FASEB 7., 3: 2647-2652 (1989); 
Chaudhary et al. Proc. Natl Acad Sci. VSA, 84: 4538-4542 (198?). 

Those skilled in the art will realize that additional modifications, ddetions, 
insertions and the like may be made to the chimeric molecules of the present invention or 
to the nucleic add sequences encoding the C6 chimeric molecules. Especially, ddetions 

25 or changes may be made in FE or in a linker connecting an antibody gene to PE, in 
order to increase cytotoxidty of the fusion protein toward target cdls or to decrease 
nonspecific cytotoxidty toward cells without antigm for Ae antibody. All such 
constructions may l)e made by methods of genetic engineering wdl known to those 
skilled in the art (see, generally, Sambrook et al,, supra) and may produce proteins that 

30 have difftmng properties of affinity, spedfidty, stabili^ and toxicity that make them 
particularly suitable for various clinical biological i^licaticms. 
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Like PB» diphtheria toodn (DT) Idlls cdls by ADP-ribosylating elongation 
fikctor 2 (EF-2) thereby inhibiting protein synthesis. Diphtheria toxin, however, is 
divided into two chains, A and B, linked by a disulfide bridge. In contrast to P£, chain 
B of DT, v/l^h is cn the caiboxyl aid, is responsible for recqitor bindirig and chain A, 
whidi is present on the amino end, contains die enzymatic activity (Uchida et el., 
Science, 175: 901-903 (1972); Uchida et ai. J. moL Chenu, 248: 3838-3844 (1973)). 

The targeting molecule-Diphthoia toxin fusion proteins of this invention 
may have the native xecqnor-binding domain removed by truncation of die Diphtheria 
toxin B chain. DT388, a DT in which the carboxyl tenninal iwqufncc begiiuiing at 
reffldue 389 is removed is illustrated in Chaudhary, et al., Bioch. Biophys. Res. Comm., 
180: 545-551 (1991). 

Like die PE chimeric cytotoxins, the DT molecules may be chemically 
conjugated to the C6 antibody but, may also be prepared as fusion proteins by 
lecombinaiit means. Hie genes encoding protein chains may be cloned in cDNA or in 
g^mic form by any cloning procedure known to those skiUed in the art Methods of 
doning genes encoding DT fused to various ligands are also well known to those of skill 
in the art See, for example, Wlliams et id. J. Biol. Chem. 265: 11885-11889 (1990) 
which describes the expression of growtb-£u:tor-DT fusion proteins. 

The term "Diphtheria toxin" (Dl) as used herein refers to full length 
native DT or to a DT that has been modified. Modifications typically include removal of 
the targeting domain in the B chain and, more spedfically, involve truncations of the 
carboxyl region of the B chain. 

Detectable labels suitable for use as the efiectcv molecule component of 
the chimeric molecules of this invention include any composition detectable by 
spectroscopic, photochemical, biochemical, immunodiemical, electrical, optical or 
ch^cal means. Useful labels in the present invration include magnetic t>eads {e.g, 
Dynabeads™), fluorescent dyes {e.g., fluorescdn isothiocyanate, texas red, riiodamine, 
green fluorescent protdn, and the like), radiolabels (e.^., 'H, **S, **C, or ^), 
enzymes {e.g.^ horse radish pmixidase, alkaline phosphatase and others commonly used 
in an EUSA), and colorimetric labels such as colloidal gold or colored glass or plastic 
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(e.g. pcdystyiene, polypropylene, lalex, etc.) beads. Patents teadiiqg die use of such 
labels include U.S. Patent Nos. 3,817,837; 3,850,752; 3,939,350; 3.996.345; 4,277,437; 
4,275,149; and 4,366,241. 

Means of d«ecting such labds are wdl known to those of skill in the art. 
Thus, for example, radiolabels may be detected usinp [Aotogrqihic film nr srinriiiati^m 
counts, fluorescent markers may be detected using a photodetector to detect emitted 
illumination. Enzymaticlabds are typically detected by providing the enzyme with a 
substrate and detecting the reaction product produced by the action of the enzyme on the 
substrate, and colorimetiic labds are d^ected by simply visualizing the colored label. 

C) Ltomife. 

As explained above, the effector nudecule may also be a ligand or an 
antibody. Particularly prefisrred ligand and antibodies are those that bind to sur&ce 
markers of immune cells. Chimeric molecules utilizing such antibodies as Sector 
molecules act as bifimetional linkers establishing an association between tiie immune cells 
bearing binding partiier for tiie Ugand or antibody and die tumor cells expressing flie c- 
abB-2. Suitable antibodies and growtiifiuaors are known to tiiose of skin in flie art and 
include, but are not limited to, IL-2, IL^, IL-6, IL-7, tumor necrosis fector (TNF), anti- 
Tac, TGFa. and tiie like. 

m Othw tliMTi|w^tfie mnit^.^ 

Other suitable effector molecules include pharmacological agents or 
encapsulation systems containing various pharmacological agents. Thus, die C6 antibody 
maybeattacheddirecdytoadrugdiatistobedeUvcreddiiecflytoflietumor. Such 
drugs are weU known to diose of skiU in die art and include, but are not limited to, 
doxirubidn, vinblastine, genistean, antisense molecules, tibozymes and die like. 

Alternatively, die effector mdecule may conqnise an encapsulation 
system, such as a Uposome or micelle diat contains a dierapeutic composition such as a 
drug, a nucleic add (e,g. an antisense nucleic add), or anodier dierapeutic moiety diat is 
preferably shielded ftom direct e^wsure to die drculatoiy system. Means of preparing 
I^osomes attached to antibodies are weU known to dwse of skill in die art See, for 
example, U.S. Patent No. 4,957,735 and Comior a aL, Pham. Ther., 28: 341-365 
(1985). 
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E) Attachment of the c6antibQdv to the g ffecto 

One of skill will appreciate that the C6 antibody and the effector molecule 
may be joined together in any order. Thus the effector molecule may be joined to either 
the amino or caitxxxy tennini of the C6 antibody. The C6 antibody may also be joined to 
ian internal region of the effector molecule, or oonversdy, the effector molecule may be 
joined to an mtemal location of the C6 antibody as long as the attachmmt does not 
interfere with the req)ective activities of the molecules. 

The C6 antibody and the effector molecule may be attached by any of a 
number of means well known to those of skill in the art. Typically the effector molecule 
is conjugated, either directly or through a linker (spacer), to the C6 antibody. However, 
where the effector molecule is a polypeptide it is preferable to recombinantly express the 
chimmc molecule as a single-chain foaion protein. 

ft Confaratton of the effector molecnilc to thi^fairegft ngmoleeiilg^ 
In one embodiment, the targeting molecule C6 antibody is chemically 
conjugated to the effector molecule (e.g. a cytotoxin, a label, a ligand, or a drug or 
Iqwsome). Means of chemically conjugating molecules are well known to those of skill 
(see, fi>r example, Ch^ter 4 in Monoclonal Antibodies: Principles and A^lications, 
Birdi and Lennox, eds. John Wiley & Sots, Inc. N.Y. (1995) which describes 
conjugation of antibodies to anticancer drugs, labels including radio labels, enzymes, and 
thelike). 

The im>cedure for attaching an agent to an antibody or other polypeptide 
targeting molecule will vary according to the chemical structure of the agent 
Polypqrtides ^ically amtain variety of functional groups; e.g. , carboxylic add (COOH) 
or free amine (-NHj) groups, which are available for reaction wiA a suitable functional 
group on an effector molecule to bind the effector ttiereto. 

Alternatively, the targeting molecule and/or effiector molecule may be 
derivatized to e^se or attach additional reactive functional groups. The derivatization 
may involve attachmmt of any of a number of linker molecules such as those available 
from Pierce Chemical Company, Rockford niinois. 

A "linker", as used herein, is a molecule that is used to join tiie targeting 
molecule to the effector molecule. The linker is arable of forming covalent bonds to 
both the targeting molecule and to the effector molecule. Suitable linkers are well known 
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to those of skill in the art and indude, but aie not limited to, straight or bianched-diain 
cartxm linkers, heterocyclic catbon linkers, or pq)tide linkers. Where the targeting 
molecule and the dfector molecule are polypeptides, the linkers may be joined to the 
constituent amino adds through their side groups (e.^., through a disulfide linkage to 
cystdne). However, in a preferred embodiment, the linkers win be joined to the alpha 
carbon amino and carboxyl groups of the terminal amino adds. 

A bifimcdonal linker having one funcdonal group reactive with a group on 
a particular agent, and anoths group reactive with an antibody, may be used to form the 
desired immunooonjugate. Altemativdy, derivatization may involve chemical treatment 
of the targeting molecule, e.g., glycol cleavage of a sugar moiety attached to the protdn 
antibody with periodate to generate free aldehyde groups. The free alddsyde groups on 
the antibody may be reacted with free amine or hydrazme groi^ on an agent to bind the 
agent thereto. (See U.S. Patmt No. 4,671,958). Procedures for genetatbn of free 
sulfhydryl groups on pdypq)tide, such as antibodies or antibody fragments, are also 
known (See U.S. Pat No. 4,659,839). 

Many procedure and linker molecules ibr attachment of various 
compounds induding radionuclide metal didates, toxins and drugs to proteins such as 
antibodies are known. See, for exanqjle, European Patent Application No. 188,256; 
U.S. Patent Nos. 4,671,958, 4,659,839, 4,414,148, 4,699,784; 4,680,338; 4,569,789; 
and 4,589,071; and Boriinghaus et al. Cancer Res. 47: 4071-4075 (1987) which are 
incorporated herein by reference. In particular, production of various immunotoxins is 
wdl-known within the art and can be found, for example in •Mwiodonal Andbody- 
Toxin Conjugates: Aiming the Magic BuUet," Thorpe et al., Monoclonal Antibodies in 
Otnical Medicine, Academic Press, pp. 168-190 (1982), Waldmann, Science, 252: 1657 
(1991), U.S. Patent Nos. 4,545,985 and 4,894,443. 

In some drcumstances, it is desirable to free the effector molecule from 
the targeting molecule when the chimmc molecule has reached its target site. Thoeftxre, 
chimeric conjugates comprising linkages which are deavable in the vidnity of the target 
site may be used when die effector is to be released at the target site. Qeaving of the 
linkage to release tiie agent from the antibody may be pronqited by en^madc activity or 
conditions to whidi the immunoconjugate is subjected dther in^ the target cell or in 
the vicinity of the target site. When the target site is a tumor, a linker which is 
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deavable under conditicMis present at the tumor site (e.g. when exposed to tumor- 
aModated enzymes or acidic p^ may be used. 

A number of different deavable linkers axe known to those of skill in the 
art See U.S. Pat. Nos. 4,618,492; 4,542,225, and 4,625,014. Hie mediarasms for 
release of an agent firom these linker groups indude, for example, irradiation of a 
photolabile bond and acid-catalyzed hydrolysis. U.S. Pat. No. 4,671,958, for example, 
indudes a description of immunoconjugates comprising linkers which are cleaved at the 
targ^ site in i4w by the proteolytic enzymes of Oe patient's conqdement system. In 
view of die large number of methods diat have been reported for attaching a variety of 
ladiodiagnostic contpounds, ladiotherapeutic compounds, drugs, toxins, and other agents 
to antibodies one skilled in die art will be able to determine a suitable method for 
attaching a given agent to an antibody or other polypeptide. 

in PtPduction of ftislon proteins. 

Where the C6 antibody and/or die effector molecule are rdativdy diort 
(i.e., less than about 50 amino acids) they may be synthesized uang standard chemical 
pqptide synthcas techniques. Where both rnolecules are relativdy short die chimeric 
molecule may be synthesized as a single caitiguous polypeptide. Altamativdy die C6 
antibody and the effector molecule may be syndiesized separatdy and ibea fosed by 
comteisation of die amino terminus of one molecule widi die carboxyl terminus of die 
odicr molecule Uiereby forming a pqrtide bond, Altemativdy, die targeting and effector 
molecules may each be condensed widi one end of a pqptide spacer molecule diereby 
forming a contiguous fosion protein. 

Solid phase syndiesis in which die C-terminai amino add of the sequence 
is attached to an insoluble sappon followed by sequential addition of die remaining 
anuno adds in die sequence is die preferred mediod for die chemical syndiesis of die 
polypq>tides of diis invention. Tedmiques for solid phase syndiesis are described by 
Barany and Merrifidd, Sotid-Phase Peptide S^uhesis; pp. 3-284 in The Peptides: 
Analysis, Synthesis, Biology. Vol 2: Special Methods in Peptide Synthesis, Part A., 
Merrifidd, et al. J. Am. Chem. Sac., 85: 2149-2156 (1963), and Stewart et al.. Solid 
Phase Peptide Synthesis, 2nd ed. Pi^ Chem. Co., Rockford, m. (1984). 

In a preferred onbodimrat, die chimeric fosion proteins of die present 
invmfion are syndiesized using recombinant DNA mrthodotogy. CJenmlly this involves 
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creating a DNA sequence that encodes the fusion i»Dtcin, placing die DNA in an 
expres^on cass^ under the contiol f a particular promote, c^qnessii^ the protdn in a 
hosty isolating the esqiressed protein and, if required, renaturing the protein. 

DNA encoding the fusion proteins (fi.g. C6.5Ai>-PE) of this invention may 
be prqiaied by any suitable method, including, for exanq>le, cloning and restriction of 
dppxQpnatB sequences or direct chemical synthesis by mediods such as tiie 
phosphotriester method of Narang et aL Meffu Enzymol 68: 90-99 (1979); Oe 
phoqihodiester method of Brown a aL, Me^ Enzymol 68: 109-151 (1979); the 
diediylphosphoiamidite method of Beaucage et al., Tetra. Lett,, 22: 1859-1862 (1981); 
and the solid support method of U.S» Patent No. 4,458,066. 

Chemical synthesis produces a single stranded oligonucleotide. This may 
be converted into double stranded DNA by hybridizaticm with a complementary 
sequence, or by polymerization with a DNA polymerase using the single strand as a 
template. One of skill would recognize that while chemical synthesis of DNA is limited 
to sequences of about 100 bases, lc»iger sequences may be obtained by the ligation of 
shorter sequences. 

Alternatively, subsequences may be cloned and Ae qipropriate 
subsequences cleaved using appropriate restriction enzymes. The ftagments may then be 
ligated to produce the desired DNA sequence. 

In a preferred embodiment, DNA encoding fusion proteins of the present 
invention may be cloned using DNA amplification m^hods such as polymerase chain 
reacticm (PGR). Tlius, fm example, the goie for the C6 antibody may be amplified fiom 
a luideic add template (clone) using a sense primer containiog a first restriction site and 
an antisense primer containing a second restdcti<Hi site. This produces a nucldc add 
encoding the mature C6 antibocty sequence and having terminal restriction sites.. A 
cytotoxin (or other poiypq)tide effector) may be cut out of a plasmid encoding that 
efifector using restriction enzymes to produce cut mds suitable for ann^ii^g to the C6 
antibody. Ligation of the sequences and introduction of the construct into a vector 
produces a vector encoding the C6-effector molecde fusion protein^ Sudi PGR cloning 
methods are wdl known to those of skill in the art (see,>br example^ Debinski et al. Int. 
7. Cancer, 58: 744-748 (1994), for an example of the preparation of a PE fusion 
protein). 
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While the two molecules may be directly joined together, one f skill will 
zpptecjBte that the molecules may be separated by a pq[>tide apao^ consisting of one or 
more amin adds. Generally the spac^ will have no specific biol gic^ activity ther 
than to join the proteins or to preserve some mimmum distance or othex spatial 
5 reIationshq> between them. However, the constituent amino adds of die spacer may be 
selected to influence some property of the molecule such as the folding, net charge, or 
hydrpphobidty. One of sldll will appreciate that PGR primers may be selected to 
introduce an amino add linker or spacer between die C6 antibody and Ae efifector 
molecule if desired. 

10 The nucleic add sequences mcodiqg the fusion piotdns may be expressed 

in a variety of host cells, induding E. coU, odier bacterial hosts, yeast, and various 
higho* eukaryotic cells such as the COS, CHO and HeLa ceUs lines and myeloma cdl 
lines. The recombinant protean gene will be qpeiably linked to zppropndii^ cxpiesmn 
control sequences for each hosL For £1 coli this includes a promoter such as the T7, 

15 tip, or lambda promoters, a ribosome binding site and preferably a transcription 

termination signal. For eukaryotic cells, the ocmtrol sequences will indude a promoter 
and preferably an enhancer derived from immunoglobulin genes, SV40, cytomegalovirus, 
etc., and a polyadenylation sequrace, and may indude ^lice donor and acceptor 
sequffloes. 

20 The plasmids of the invention can be transferred into the chosen host cell 

by wdl-known methods such as caldum chloride transformation for E. coli and caldum 
]Aosphate treatment or electroporation for mammalian cdls. Cells transformed by the 
plasmids can be selected by resistance to antibiotics conferred by genes contained on the 
plasmids, such as the amp, gpt, neo and hyg genes. 

25 Once expressed, the recombinant fusion proteins can be purified according 

to standard procedures of the art, induding ammonium sulfate predpitation, affinity 
columns, column chromatogrq>hy, gd electrophoresis and the like (see, g«ierally, R. 
Scopes, Protein Purification, Springor-Verlag, N.Y. (1982), Deutsche, Methods in 
Enzymology Vol. 182: Guide to Protein Purification., Academic Press, Inc. N.Y. 

30 (1990)). In a prefixed embodiment, die fusion proteins are purified using affinity 

purification methods as described in Examples 1 and 2. Substantially pure conipositions 
of at least about 90 to 95% homogendty are prefened, and 98 to 99% or more 
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homogend^ are most piefietied for phannaoratical uses. Once purified, partially or to 
homogeneity as (lesixed» tiie polypeptides may then be used tber^eutically. 

One of skill in the art would recognize that afker chmiical synthesis, 
biological e3q[>res^on» or purification^ the C6 antibody-effector fusion protein may 
possess a conformation substantially difiierent than the native conformations of the 
constituent polypqytides. In this case, it may be necessary to denature and reduce the 
polypeptide and then to cause the polypeptide to re-fold into the preferred confiDrmation. 
Methods of reducing and <lfflat^'""£ proteins and indudng re-fidding are well known to 
those of skill hi the art. (See» Debinski etoLJ. Biol OtetiL, 268: 14065-14070 (1993); 
Kreitman and Pastan, BiocoT^ug. Chenu, 4: 581-585 (1993); and Buchner» et al.. Anal 
BiochenL, 205: 263-270 (1992). Debinski ei a/.» fen* example, describe the denatoration 
and reduction of inclusion body proteins in guanidine-DTE. The protdn is then refolded 
in a redox bufier ocmtaining oxidized glutathione and L^arginine. 

One of skDl would recognize Oat modifications can be made to the C6 
antibody-effector fiision proteins without diminishing their biological acdvity. Some 
modifications may be made to facilitate the doning^ expresacm, or incorporation of the 
targetirig molecule hato a fusion protem. Si^ modifications are wdl known to those of 
skill in the art and include, for example, a methionine added at the amino terminus to 
provide an initiation site, or additional amino adds placed on either tenninus to create 
ocmveniently located restriction ates or termination codons. 

IV, Piflgnosfir Assays. 

As eaqdained above, the C6 antibodies may be used for the in vtvo or in 
vitro detection of o-erbB-2 and thus, in the diagnosis and/or localization of cancers 
characterized by the expression of c-^B-2. 

Al /n Vivo Detection of c-crbB.2. 

The C6 antibodies and/or chimeric molecules of the present invention may 
be used for in vivo detection and localization of cells (e.g. c-ecbB-2 positive carcinoma) 
bearing c-eibB-2. Such detection involves administering to an organism a^iimeric 
molecule comprising a C6 joined to a labd detectable in vivo. Such labds are well 
known to those of skill in the art and indude, but are not limited to, electron dense 
labels such as gold or barium which may be detected by X-ray or CAT scan, various 



wo 97/00271 PCT/US96/1 0287 

41 

radioacdv labels that may be detected using sdntill giaphy, and various mAgngrift and 
paramagnedc materiab that may be detected using positron emission tomogrq>hy (FET) 
and magnetic resonance imaging (MRI). The C6 antibody assodatcs the label with the c- 
erbB-2 bearing cell which is then detected and localized using the sqppropriate detection 
5 method. 

B> Jn V&iP Detection of c^rfaB-2- 

The C6 antibodies of this invention axe also useful for tfie d^ection of c* 
eibB-2 in vUrv e.g., in bicdogical samples obtained from an oiganism. The detection 
10 and/or quantificaticm of c-eibB-2 in such a sample is indicative the i^esence or absence 
or quantity of cells (e.g.» tumor cdls) overexpresang c-erbB-2. 

Hie c-aA>B-2 antigra may be quantified in a bicdogical saiqde derived 
from a patient such as a cell, or a tissue saniple derived from a patient As used herein, a 
biological sample is a sample of bicdogical tissue or fluid that contains a o-eibB-2 antigen 
IS concentration that may be corrdated with and indicative of cdls oveiexpressing &exbB-2. 
Piefisrred biological samples include blood, urine, and tissue biopsies. 

In a particularly pr^erred embodiment, eibB-2 is quantified in breast 
tissue cells derived fiom nonnal or malignant breast tissue samples. Although the 
san^le is typically taken from a human patient, the assays can be used to detect eri)B-2 
20 in cells from mammals in graeial, such as dogs, cats, sheq>, cattle and pigs, and most 
particularly primates such as humans, chimpanzees, gorillas, macaques, and baboons, 
and rodents sudi as mice, rats, and guinea pigs. 

Tissue or fluid samples are isolated from a patient aocoiding to standard 
metiiods well known to those of sldll in the art, most typically by biopsy or 
25 ven^uncture. The sample is optionally pretreated as necessaiy by dilution in an 

appropri ate bufifier solution or concentrated, if desired. Any of a numb^ of standard 
aqueous buffer solutions, employiAg one of a variety of buffers, such as phosphate, 
Tris, or the like, at physiological pH can be used. 
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O ActbY Formats (Detectfon or Ouantmr ptlnn of rw.rhH.^V 

^ ^"Tnunftlftgtrnl ftfa'^fag AfffflTi! 

The c-eifoR-2 pqitide (analyte) or an aad-c-«ib-2 antibody is preferably 
detected in an immunoassay utilizing a C6 antibody as a capture agent that ^edficaUy 
binds to a c-eibB-2 peptide. 

As used heidn, an immunoassay is an assay that utilizes an antibody {e.g. 
a C6 antibody) to spedficaUy bind an analyte (e.g., c-ab-l). The immunoassay is 
characterized by the use of specific binding to a C6 antibody as opposed to other physical 
or chemical properties to isolate, target, and quantify die c-eibB-2 analyte. 

The &«rt)B-2 marlDBT may be detected and quantified using any of a 
number of well recognized immunological binding assays. (See for example, U.S. 
Patents 4.366,241; 4,376,110; 4,517,288; and 4,837,168, which are hereby incorporated 
by ri^erence.) For a review of the general immunoassays, see also MeOiods in CeU 
Biology Volume 37: Antibodies in CeB Biology, Asai, ed. Academic Press, Inc. New 
York (199^; Basic and CUnical Inmmology 7th Edition, Stites & Terr, eds. (1991)). 

The immunoassays of the present invention are performed in any of 
several configurations. e.g., those reviewed in Maggio (ed.) (1980) Enzyme Inmunoassay 
CRC Press, Boca Raton, Florida; Tijan (1985) "Practice and Theoiy of Enzyme 
Immunoassays,- Laboratory Techniques in Biochemistry and Molecular Biology, Elsevier 
Science Publishers B.V., Amsterdam; Harlow and Lane, supm; Chan (ed.) (1987) 
Anmunoasstof: A Practical CSuideAcaaeadcVKss, Ortando, FL; Price and Newman 
(eds.) (1991) Principles and Practice of Immunoassays Stockton Press, NY; and Ngo 
(ed.) (1988) Nm isotojnc Immunoassays Plenum Press, NY. 

Immunoassays oiten utilize a labeling agent to spedficaUy bind to and 
label the binding complex formed by the capture agent and the analyte (i.e. , a C6 
antibody-eibB-2 complex). The labeling agent may itself be one of the moieties 
comprising the antibody/analyte complex. Thus, the labeling agent may be a bbded c- 
eibB-2 peptide or a labeled C6 antibody. Alternatively, the labeling agent is optionally a 
third moiety, such as another antibody, that spedficaUy binds to the C6 antibody, the c- 
erbB-2 peptide, the anti.c-erbB-2 antibody/c-«bB-2 pq>tide complex, or to a modified 
aq)turc group {e.g.. biotin) which is covalentiy Unked to ocrbB-2 or the C6 antibody. 

In one embodiment, the labeling agent is an antibody that qwdficaUy 
binds to the C6 antiTxKly. Such agents are weU known to those of skiU in the art, and 
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most typically comprise labeled antibodies that specifically bind antibodies of the 
particular animal species firom i^ch the C6 antibody is derived {e.g., an anti-spedes 
antibody). Hius, for example, where the csqmue agent is a human derived C6 antibody, 
the label agent may be a mouse anti-human IgG, Le., an antibody specific to the constant 
5 region of the human antibody. 

Other proteins capsloic of specifically binding immunoglobulin constant 
x^ons, such as strqrtococcal protdn A or protein O are also used as the labeling agent 
These proteins are normal constituents of the cell walls of strq)tococcal bactexia. They 
exhibit a strong non immunogenic reactivity with immunoglobulin constant regions from 

10 a variety of species. See, generally Kronval, et al., (1973) J. Immunol, 111:1401-1406, 
and Akerstrom, etdl., (1985)7. bnmunoL, 133:2389-2542. 

Tluoughout Ae assays, incubation and/or washing stq>s may be required 
afier each combination of reagmts. Incubation stq)s can vary from about 5 seconds to 
several hours, preferably firom about 3 minutes to about 24 hours. However, the 

15 incubation time will depend upon the assay format, analyte, volume of sohition, 

concentrations, and the like. Usually, the assays are carried out at ambient temperature, 
although they can be conducted over a range of temperatures, such as S^'C to 45°C. 

fa) Non competitive agay fnmflft 

20 Immunoassays for detecting c-erb-2 are typicaUy dther competitive or 

noncompetitive. Noncompetitive immunoassays are assays in which the amount of 
captured analyte (in this case, c-erb-2) is directly measured. In one preferred 
"sandwich" assay, for example, the capture agent (c.^., C6 antibody) is bound directly 
or indirectly to a solid substrate where it is immobilized. These immobilized C6 

23 antibodies capture c-eib-2 present in a test sanq>le (e.g., a biological sample derived 
firom breast tumor tissue). The c-erb-2 thus immobilized is then bound by a labeling 
agent, such as a second c-erb-2 antibody bearing a label. Alternatively, the second 
antibo(fy may lade a label, but it may, in turn, be bound by a labeled third antibody 
specific to antibodies of the species from which the second antibody is derived. Free 

30 labeled antibody is washed away and the remaining bound labeled antibody is detected 
(6.g.» using a ganuna d^ector where the label is radioactive). One of skill will 
appreciate that the analyte and capture agent is optionally reversed in the above assay, 
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e.g., whra the presence, quantity or avidity of a C6 antibody in a sample is to be 
measured by its binding to an immobilized c-erb-2 peptide. 

fb) Competitive assay foriMte 

In conq>etitive assays, the amount of analyte (fi.g., c-erbB-2) present in the 
sample is measured indirectly by measuring the amount of an added (exogenous) analyte 
displaced (or conipeted away) ftom a c^ture agent (e.^., C6 antibody) by the analyte 
present in the sample. Li <me competitive assay, a known amount of c-erb-2 is added to 
a test sample with an unquantified amount of c-erbB-2, and the sanqde is contacted with 
a C2q)ture agent, a C6 antibody that q)ecifically binds ^ Theamountof 
added c-erbB-2 which binds to the C6 antibody is inversely proportional to the 
concentration of c-erbB-2 present in the test sanqde. 

Hie C6 antibody can be imm(4)ilized on a scdid substrate. Theamountof 
ebB.2 bound to the C6 antibody is d^ermined either by measuring the amount of ertA-2 
presmt in an crb&-2-C6 antibody complex, or altemativdy by measuring the amount of 
remaining uncomplexed erbB-2. Similarly, in catain embodiments where the amount of 
erbB-2 in a sample is known, and the amount or avidity of a C6 antibody in a sample is 
to be determined, erbB-2 becomes the c^ture agent (e.^., is fixed to a solid substrate) 
and the C-6 antibody becomes the analyte. 

fc) Reduction of Nnn Snerffli^ Hlnitino, 
One of skill will qjpredate that it is often desirable to reduce non specific 
binding in immunoassays and during analyte purification. Where the assay involves c- 
erbB-2, C6 antibody, or other capture agent immobilized on a solid substrate, it is 
desirable to minimize the amount of non specific binding to the substrate. Means of 
reducing such non specific hmding are wcU known to those of skill in the art. Typically, 
this involves coating the substrate with a proteinaceouscomposit^^ In particular, 
protein compositions such as bovine serum albumin (BSA), nonfet powdered milk, and 
gelatin are widely used. 
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fd> Substrates. 

As mmtioned above, dqiending upon the assay, various components, 
including Hie erbB-2, C6 or antibodies to erbB-2 or C6, are optionally bound to a solid 
sur&ce. Many mediods for immobilizing biomolecules to a variety f solid surfoces are 
known in the ait For instance, the solid surface may be a membrane (e.;., 
nitiDceUulose), a microtiter dish (e.g., PVC, polypropylene, or polystyrene), a test tube 
(glass or plastic), a dipstick (e.g. glass. PVC, polypropylene, polystyrene, latex, and the 
like), a microcentrifuge tube, or a glass, silica, plastic, metallic or polymer bead. Hie 
desired component may be covalentiy bound, or noncovalently attached tiirough 
nonq)ecific bonding. 

A wide variety of organic and inatganic polymers, both natural and 
syntiietic may be enqdoyed as the material for die solid sur&ce. lUustrative polymers 
indude polyethylene, polypropylene, poIy(4-metIvIbuteoe), polystyrene, 
polymethaoylate, poly(ethylene terq)hthalate), rayon, nyUm, poly(vinyl butyrate), 
polyvinylidene difluoride (PVDF), silicones, polyformaldehyde, ceUuIose, ceUuIose 
acetate, nitiocdlulose, and the like. Odicr materials which may be employed, include 
P^, glassess, ceramics, metals, metalloids, semkxmductive materials, cements or the 
like. Li addition, substances that form gds, such as proteins (fi.g., gdatins), 
lipppolysaccharides, silicates, agarose and polyaoylamides can be used. Polymers which 
form several aqueous phases, such as dextrans, polyalkylene glycols or surfeclants, such 
as phospholipids, long chain (12-24 carbon atoms) alkyl ammomum salts and the like are 
also suitable. Where the solid sur£ace is porous, various pore sizes may be employed 
dqwnding iqwn the nature of the system. 

In preparing die sui&ce, a plurality of different materials may be 
aiq>l(qfed, eg., as laminates, to obtain various properties. For example, protein 
coatings, such as gelatin can be used to avoid non specific binding, simplify covalent 
conjugation, enhance agnal detection or die like. 

If covalent bonding b^eoi a compound and die sui&ce is desired, die 
surface will usually be polyfimctional or be capable of being polyfunctionalized. 
Functional groups which may be present on die surfkce and used for linking can include 
caiboxylic adds, aldehydes, amino groiqw, qrano groups, ediylenic groups, hydroxy! 
groups, mercapto groups and die like. The manner of linking a wide variety of 
compounds to various sui&ces is wdl known and is amply illustrated in die literature. 
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See, for exanqde, JmmobiUzed Enzymes^ Ichiro Chibata, Halsted Press, New York, 1978, 
and Cuatiecasas, 7. Bto/. Otem. 24S 3059 (1970). 

In addition to covalent bonding, various methods for nonoovalently binding 
an assay component can be used. Noncovalent binding is typically nonspecific 
5 absorption of a compound to the surface. Typically, the sur&ce is blocked with a second 
compound to prevent nonspecific binding of labeled assay components. Altemativdy, 
the sur&ce is designed such that it nonspedfically binds one con^xment but does not 
significantly bind anotho*. For example, a suiface bearing a lectin such as Concanavalin 
A will bind a carbohydrate containing compound but not a labeled protdn that lacks 
10 glycosylation. Various solid sur&ces for use in noncovalent attachmmt of assay 
components are reviewed in U.S. Patent Nos. 4,447,576 and 4,254,082. 

il) Other AlffMV Formats 

C-erbB-2 polypeptides or C6 antibodies and can also be detected and 
15 quantified by any of a number of other means well known to those of skill in the art 
These include analytic biodiemical methods such as q)ectniiri3otometry, ladiogn^hy, 
electrqphoiesis, cqullary electrophoresis, high performance liquid chroinatognq>hy 
(HPLQ, thm layor chromatogrqAy (TLC), hyperdifiusion chromatogr^hy, and the like, 
and various immunological methods such as fluid or gel precqntin reactions, 
20 immunodiffusion (single or double), immunodectrpphoresis, radioimmunoas^ys (RIAs), 
oizyme-linked immunosorbent assays (ELISAs), immunofluorescent assays, and the like. 

Western blot analysis and related methods can also be used to detect and 
quantify the presrace of eri>B-2 pq>tides and C6 antibodies in a sample. The technique 

25 generally comprises separating sample products by gel electrophoresis on die basis of 

molecular weight, transferring the separated products to a suitable solid suiqx>rt, (such as 
a nitrocellulose filter, a nylon filt^, or derivatized nylon filter), and incubating the 
sample with the antibodies that specifically bind either the ert>B-2 pq>tide or the anti- 
erbB-2 antibody. The antibodies specifically bind to die biological agoit of interest on 

30 the solid support. These antibodies are directly labeled or alternatively are subsequently 
detected using labeled antibodies (e.;., labeled sheep anti-human antibodies where the 
antibody to a markra* goie is a human antibody) which specifically bind to the antibody 
which binds dther anti-^B-2 or erfoB-2 as appropriate. 
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Other assay fonnats include liposome immunoassays (LXAs), which use 
liposomes designed to bind specific molecules (e.^.; antibodies) and release encapsulated 
reagents or markers. The released chemicals are then detected according to standard 
techniques (see, Monroe et al., (19i6)Amer. Oin. Prvd. Bev. 5:34^1). 

iiP Labeling of C6 antihodifis. 

Hie labeling agmt can be, e.g., a monodonal antibody, a polyclonal 
antibody, a protein or complex such as those described herein, or a polymer such as an 
afBnity matrix, carbohydrate or lipid. Detection proceeds by any known method, 
including immunoblotdng, western analysis, gd-mobility shift assays, tracking of 
radioactive or trioluminescent markers, nuclear magnedc resonance, electron 
paramagnetic resonance, stopped*flow spectroscc^y, column chromatography, cqnllary 
electrophoresis, or odier methods which track a molecule based upon an alteration in size 
and/or charge. The particular label or detectable groiq» used in the assay is not a critical 
aspect of the invention. The detectable group can be any material having a detectable 
physical or diemical property. Such detectable labels have been well-developed in the 
field of immunoassays and, in general, any labd useful in such methods can be applied 
to the present invention. Thus, a label is any composition detectable by spectroscopic, 
photochemical, biochemical, irrmiuruKhemical, electrical, optical or chftmical means. 
Useful labels in the presmt invention include magnedc beads (e.^. Dynabeads™), 
fluorescent dyes (eg., fluorescein isodiiocyanate, Texas red, rhodamine, and the like), 
radiolabds (e.g., ^, «S, or enzymes (c.g„ LacZ, CAT, horse radish 
peroxidase, alkaline phosphatase and othm, commonly used as d^ectable enzymes, 
either as marker gaie products or in an ELBA), and colorimetric labds such as colloidal 
gold or colored glass or plastic (e.g. polystyrene, polypropylene, latex, etc.) beads. 

The label may be coupled direcdy or indirecdy to the desired component 
of the assay aocordiiig to mediods well known in the art As indicated above, a wide 
variety of labels may be used, with the choice of labd depending on die sensitivity 
required, ease of conjugation of the compound, stability requirraients, available 
instrumentation, and disposal provisions. 

Non radioactive labels are oftm attached by indirect means. Gmerally, a 
ligand molecule (e.g., biotin) is covalenUy bound to the molecule. The ligand dien binds 
to an anti-ligand (e.g. , streptavidin) molecule vMch is either inherently detectable or 
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oovaleady bound to a agnal system, such as a detectable enzyme, a fluorescent 
compound, or a diemiluminescent compound. A number f ligands and anti-ligands can 
be used. Where a Ugand has a natural anti-Ugand, for example, biotin, thyr^ 
Cortisol, it can be used in conjunction with the labeled, naturally occurring anti-ligands. 
Alternatively, any haptenic or antigenic compound can be used in combination widi an 
antibody. 

The molecules can also be coiyugated direcdy to signal generating 
compounds,e.g.,by conjugation with an enzyme or fluorpphore. Enzymes of interest as 
labels will primarily be hydrolases, particularly phosphatases, esterases and glycosidases, 
or oxidoreduclases, particularly peroxidases. Fluorescent confounds indude fluorescein 
and its derivatives^ rfaodamine and its derivatives, dansyl, umbellifierone, etc. 
Chemiluminescent compounds include ludferin, and 2,3-dihydrophthalazinediones, e.g., 
luminoL For a review of various labelling or signal producing systems which may be 
used, see, U.S. Patent No. 4,391,904, which is inootporated herein by reference. 

Means of detecting labels are well known to those of skill in the art 
Thus, for example, where the label is a radioactive label, means for detection include a 
scintillation counter or photographic fihn as in autoradiogrsqAy. Where flic label is a 
fluorescent label, it may be detected by exciting tiie fluorochrome wifli tiie s^jpropriate 
wavelengtii of light and detecting flie resulting fluorescmce, e.g., by microscopy, visual 
inspection, via photographic film, by tiie use of electronic detectors such as charge 
coupled devices (CCDs) or photomultipUers and flic like. Similarly, enzymatic labels 
may be detected by providing appropriate substrates for flie enzyme and detecting flie 
resulting reaction product. Finally, simple colorimetric labels may be detected simply by 
observing flie color associated wifli flie label. Thus, in various dipstick assays, 
ccmjugated gold often qjpears pink, while various conjugated beads s^ear tfie color of 
the bead. 

Some assay formats do not require flie use of labeled componsits. For 
instance, agglutination assays can be used to detect tiie presence of C6 antibodies and C6 
antibody-erbB-2 peptides. In tins case, antigen<oated particles are agglutinated by 
sanqdes comprising ttie targ^ antibodies. In tfiis format, none of flie components need 
be labeled and tfie presence of flie target antibody is detected by simple visual inspection. 
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V, Pharmaceoticnl Compositions. 

The chimeric molecules of this inveadon aie us^ul for paienteial, topical, 
oral, or local administration, sudi as by aerosol or transdermally, for prophylactic and/or 
therapeutic treatment. The pharmaceutical compositions can be administered in a variety 
of unit dosage forms dq>ending upon the method of administration. For example, unit 
dosage forms suitable for oral administration include powder, tablets, pills, C£q)sules and 
lozenges. It is recognized that the fusion proteins and pharmaceutical conq>ositions of 
this invention, when administered oially, must be protected from digestion. This is 
typically accomplished dtfaer by complexing the protein with a conqvosition to render it 
resistant to acidic and enzymatic hydrolysis or by parir^ging the protein in an 
^ropriately resistant carrier such as a liposome. Means of protecting protdns from 
digestion are well known in the art. 

The {Aannaceutical compositions of this invention are particulariy useful 
for parenteral administration, such as intravenous administration or adnunistration into a 
body cavity or lumen of an organ. Tlie compositions for administratim will commonly 
comprise a solution of the chimeric molecule dissolved in a phannaceutically acceptable 
carrier, preferably an aqueous carrier. A variety of aqueous carriers am be used, e.g. , 
buffered saline and the like. These solutions are st^ile and generally £ree of undearable 
matter. These compositions may be sterilized by conventional, well known sterilization 
tedmiques. . The compoations may contain phannaceutically acceptable auxiliary 
substances as required to iq>proximate physiological conditions such as pH adjusting and 
buffering agents, toxidty adjusting agoits and the like, for example, sodium acetate, 
sodium chloride, potassium chloride, calcium chloride, sodium lactate and the like. The 
concentration of chimeric molecule in these formulations can vary widely, and will be 
selected primarily based on fluid volumes, viscosities, body wdght and the like in 
accordance with the particular mode of administration selected and the patient's needs. 

Thus, a typical jriiarmaceutical composition for intravenous administration 
would be about 0.1 to 10 mg per patient per day. Dosages from 0.1 up to about 100 mg 
p^ patient per day may be used, particularly when the drug is administered to a secluded 
site and not into the blood stream, such as into a body cavity or into a lumen of an 
organ. Methods for prqxiring parraterally administrable compositions will be known or 
Hppsrmt to those skilled in the art and are described in more detail in such publications 
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as Eemmgum's Phamacetaical Science, 15th cd.. Mack Publishing Company, Easton, 
Pennsylvania (1980). 

The compositions containing the present fusion proteins or a cocktail 
thereof with otho* proteins) can be administered for theiapeut^ In 
theiq)eutic plications, conqxmtions are administered to a patient suffering from a 
disease, Q^pically a c-erbB^2 positive carcinoma, in an amount sufficient to cure or at 
least partially arrest the disease and its complicaticxis. An amount adequate to 
accomplish this is defined as a "therapeutically effective dose." Amounts effective for 
diis use will dq>end upon the severity of the disease and the general state of the patient*s 
health. 

Single or multiple administrations of die conq)ositions may be administered 
depending on the dosage and frequency as required and tolerated by the patient In any 
event, the composition should provide a suffident quantity of the proteins of this 
invention to ^ectivdy treat the patient 

Among various uses of the cytotoxic fusicm proteins of the present 
invention are inducted a variety of disease conditions caused by specific human cells that 
may be eliminated by the toxic actira of die protein. One application is the treatment of 
canctt, such as by the use of a C6 andbody attached to a cytotoxin. 

Another proach involves using a ligand diat binds a cell sur&ce marker 
(receptor) so the chimeric assoda t es cells bearing die ligand substrate are associated wifli 
die c-abB-2 overexpressing tumor cdl. The ligand portion of the molecule is chosen 
according to die intmded use. Proteins on die membranes of T cdls diat may s«ve as 
targets for die Ugand indudes Fc^I, Fc^H and FcylH, CD2 (Til), CDS, CD4 and CDS. 
Proteins found predominanfly on B cdls diat might serve as targets indude CDIO 
(CALLA antigen), CD19 and CD20. CD45 is a possible target duit occurs broadly on 
lymphoid cdls. These and odio- possible target lymphocyte target molecules for die 
chimeic molecules bearing a ligand effector are described in Leukocyte Typing 727, A J. 
McACchad, ed., Oxford University Press (1987)^ Those skilled in die art will realize 
ligand effecton may be chosen diat bind to receptors expressed on still odier types of 
cdls as described above, for example, membrane glycoproteins or ligand or hormone 
receptors such as cjridermal growdi jEactor receptor and die like. 
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VI. Kits Tor DtoPiMKi^iwlVMtniMif 

Li an tber embodiment, this invention provides for kits for the treatment 
of tumors or for the detection of cells overe3cpiessingc-€rbB-2. Kits will typically 
comprise a chimeric molecule of the present invention ie.g. C6 antibody-label, C6 
antibody-cytotoxin, C6 antibody-ligand, etc.). In addition the kits will typically include 
instructional materials disclosing means of use of chimeric molecule (e.g. as a cytotoxin, 
for detection of tumor ceUs, to augment an immune response, etc.). Tbt kits may also 
indude additiimal components to fedlitate the particular application for which the kit is 
designed. Hjus, for exanqde, whoe a lot contains a chimeric molecule in which the 
e«BBCtor molecule is a detectable label, the kit may addidonaUy contain means of 

detecting the label (ft^. enzyme substrates for enzymatic labels, filter sets to detect 
fluorescent labels, appropriate secondary labels such as a sheep anti-human antibodies, or 
the like). The kits may additionaUy include buffers and other reagents routindy used for 
the practice of a particular method. Such kits and apptopnsto contents are weM known to 
tiiose of skill in the art 



EXAMPLES 

The following exan^les are provided by way of illustration only and not 
by way of limitation. Thoseof skill will readily recognize a variety of noncritical 
parameters which could be changed or modified to yield essentiaUy similar results. 

botatlOT and CharactPrigltion of Hmnnn S 8 ^p| ^l, nf| i Fw B{ni«n|, ^ -f rfrB^7 
Materials and Mrthml^i 

Pnpaaration qfc-erhB-2 BCD 

The antigen c-eibB-2 BCD with a Ser-Gly-His, C-terminal fusion was 

expnssed from Chinese Hamster Ovary celh and purified by immobilized metal ^ 
chromatography (IMAC). 

Phage prtpamion 

Phage were prq)ared from a phagemid Ubrary (3 x ICf membera) 
eaqnessing sFv as pIH fiisions on the phage sur&ce (Marks et al. (1991) 7. Mol. Biol. 
222:581-597). The library was created from a rqiertoire of sFv genes consisting of 



wo ^7/00271 PCTAJS96A0287 

52 

human heavy and light chain variable region (Vh and Vt) genes isolated from the 
petqrtieral blood lynyhocytes of unimmunized human volunteers. To rescue phagemid 
particles from the library, 50 ml of 2 x TY media containing 100 /ig/ml antpidllin and 
1% glucose were inoculated with 10* bacteria taken from the frozen library glycerol 
stodL The culture was grovm at 3TC wiA shaking to an nm of 0.8, 7.0 x 10^' 
colony forming units of VCS-MI3 (Stratgene) added, and incubation continued at 37*^C 
for 1 h without shaking followed by 1 h with shaking. The cells were pelleted by 
centrifugation at 4500g for 10 nun, resuspended in 200 ml of 2 x TY media containing 
100 ng/tal ampicillin and 2.5 ftg/ml kanamydn and grown overnight at 37^C. Phage 
particles were purified and concentrated by 2 pdyeAylene glycol precipitations and 
reaispended in PBS (25 mM NaH2p04, 125 mM IbQ, pH 7.0) to approximately 10" 
transdudng units/ml ampicillin resistant clones. 

Selection qf binding phage antibodies 

Phage o^r^smg sFv which bound c-eibB-2 were selected by panning the 
phage library on immobilized c-erbB-2 BCD (Marks ei al. (1991) stgmL). Briefly, 
immunotubes (Nunc, Maxisorb) were coated with 2 ml (100 /ig/nd) c-erbB-2 ECD in 
PBS overnight at 20*^0 and blocked with 2% milk powder in PBS for 2 h at 3TC. 1 ml 
of the phage solution (approximately 10'^ phage) was added to the tubes and incubated at 
20''C with tumbling on an over and under turntable for 2 h. Nanbinding phage were 
el i m i n a t ed by sequential washing (15 times with PBS containing 0.05% Tween followed 
by 15 times witii PBS). Binding phage wem thai eluted from the immunotubes by 
adding 1 ml of 100 mM triefliylamine, incubating for 10 min at 20°C, transferring tiie 
solution to a new tube, and nwitralizing witii 0.5 ml IM Tris HQ, PH 7.4. Half of tiie 
eluted phage solution was used to infect 10 ml of E.coIi TOl (Gibson, T.J. (1984) 
Studies on the ^istein-Barr virus genome, Cambridge University Ph.D. tfiesis; Cart^ et 
al. (1985) Nucleic Adds Res., 13: 4431-4443) grown to an A«x) nm of 0.8-0.9. After 
incubation for 30 min at 37*C, bacteria were plated on TYE plates containing 100 /ig/ml 
anqndllin and 1% glucose and grown overnight at 37*'C. Phage were rescued and 
concentrated as described above and used for die next selection r«mnd. The sdectim 
process was repeated for a total of 5 rounds. 
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Screening for binders 

Aftw each round f selection, 10 ml f £co// HB21S1 (Carte et oL 
(1985) Nudeic Adds Res., 13: 4431-43) (A«o nm - 0.8) were infected with ICQ fd of 
the phage duate in order to prepare soluble sFv. Li this strain, die amber codon 
between die sFv gene and gene m is read as a stop codcm and native soluble sFv 
secreted into the peiqilasm and media (Hoogenboom et al. (1991) l^Ieic Adds Res. 19: 
4133-4137). Single ampicillin resistant colonies were used to inoculate microtitre plate 
wells containing 150 /d of 2 x TY containing 100 /tg/ml anii»cillin and 0.1% glucose. 
The bacteria were grown to an A«» nm - 1.0, and sFv eiqnession induced by die 
addition of IFTG to a final concentration of 1 mM (DeBeUiscraiL, (1990) Nucleic Adds 
Res., 18:1311). Bacteria were grown overnight at 30''C, die cdls removed by 
centrifiigation, and the siq;)ematant containing sPv used directly. 

To screen for binding, 96-well microtite plates (Falcon 3912) were coated 
overnight at 4»C witii 10 ngfnl c-erbB-2 BCD in PBS, blocked for 2 h at 37«C wifli 2% 
milk powder in PBS, and incubated for 1.5 hours at 20'C with 50 /d of d^ KcoU 
supernatant containing sFv. Binding of soluble sFv to antigen was detected wifli a mouse 
monoclonal antibody (9HO) which recognizes die C-terminal myc pqitide tag (Munro, S. 
et al., (1986) Cdl, 46:291-300) and peroxidase conji^gated anti-mouse Fc antibody 
@igma) using ABIS as substrate (Ward et al. (1989) Nature, 341: 544-546). The 
reaction was stopped after 30 min with NaF (3.2 mg/ml) and die A«j nm measured. 
Unique clones were idmtified by PGR fingerprinting (Maries, J. D. et al., (1991) J. Mol. 
Biol., 222:581-597) and DNA sequencing. The specificity of each unique sFv was 
detamined by EUSA perfOTmed as described above witii wells coated widi 10 /tg/ml of 
bovine serum albumin, hen egg white lysozyme, bovine glutamyltran^qitidase, c-erbB-2 
BCD, VCS M13 (3.5 x lO'Vml) and casein (0.5%). For ELBA widi biotinylated 
c-eri)B-2 BCD, microtiter plates (Immunolon 4, Dynatech) w«e coated witii 50 ^1 
immunopure avidin (Pierce; 10 /tg/ml in PBS) overnight at 4"C, blocked witfi 1% bovine 
serum albumin in PBS for 1 h a 37»C and incubated widi 50 M biotinylated c-erbB-2 
extraceUular domain (5 /tg/ml) for 30 min at 20'C. To prqiare biotinylated antigen, 0.2 
ml c^B-2 BCD (1 mg/ml in PBS) was incubated witii 0.5 mM NHS-LC-biotin (Pierce) 
overnight at 4"'C and tiien purified on a presto desalting cohunn (Pierce). 
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Subchning, expression and purificadon. 

To facilitate puiificati n, the C6.S sPv gene was subdoned into the 
e]q)ie5sicHi vector pUC119Sfi/NotHismyc (GrifRths, et al. (1994) EMBO 13: 
3245-3260) which results in the addition of a hexa-histidine tag at the C-terminal end of 
the sPv. Briefly, pHEN-1 vector DNA containing the C6.5 sFv DNA was prepared by 
alkaline lysis miUqxrq), digested with Ncol and NotI» and the aPv DNA purified on a 
1.5% agarose geL C6.5 sFv DNA was ligated into pUC119SfiI/NofIHismyc digested 
with Ncol and NofI and the legation mixture used to tiansfonn dectiocompetent K coU 
HB215L For expression, 200 ml of 2 x TY media contaming 100 ^g/ml ampidllin and 
0.1% glucose was inoculated with K coU HB2151 haibodng the C6.S gene in 
pUC119Sfil/NotIHi5myc. Hie culture was grown at 37*C to an A«o nm of 0.8, soluble 
sFv e3q>ression induced by the addition of IFTO to a final concentration of 1 mM, and 
the culture grown at SO^'C in a shaker flask overnight Single-chain Fv was harvested 
from the periplasm using the fcdlowing protocol Cells were harvested by centrifugation 
at 4000g for 15 min, resuspended in 10 ml of ice cold 30 mM Tris-HQ pH 8.0, 1 mM 
EDTA, 20% sucrose, and incubated on ice for 20 min. The bacteria were pelleted by 
centrifugation at 6000g for 15 min. and the "per^lasmic ftacdon** cleared by 
cmtrifiigation at 30,000g for 20 min. Hie supernatant was dialyzed overnight at 4''C 
against 8 L of IMAC loading buffer (30 mM sodium phosphate pH 7.5, 500 mM NaQ, 
20 mM imidazole) and then filtered through a 0.2 micron filter. 

The sFv was purified by IMAC. AU steps were performed at 4*C on a 
Percqrtive Biosystems BIOCAD Sprint. A colunm containing 2 ml of Ni-NTA resin 
(Qiagen) was washed with 20 ml IMAC column wash buffer (50 mM sodium phosphate 
pH 7.5, 500 mM NaCl, 2.50 mM imidazole) and 20 ml of IMAC loading buffer. The 
periplasmic preparation was loaded onto the column by pump and the column washed 
sequentiaUy with 50 ml IMAC loading buffer and 50 ml IMAC washing buffer (50 mM 
sodium phosphate pH 7.5, 500 mM NaCl, 23 mM imidazole). Protein was duted with 
2.5 ml IMAC dution buffer (50 mM sodium phosphate pH 7.5, 300 mM NaCl, 100 mM 
imidazole) and 4 ml fractions collected. Protein was detected by absorhance at 280 nm 
and sFv typically eluted between fractions 6 and 8. To remove dimeric and aggr^ated 
sFv, samples were concentrated to a volume < 1 ml in a Centricon 10 (Amicon) and 
fractionated on a Superdex 75 column using a running buffer of HBS (10 mM Hepes, 
150 mM NaCl, pH 7.4). The purity of the final preparation was evaluated by assaying an 
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aliquot by SDS-PGE. Protein bands were detected by Coomassie stainm The 
concentration was determined apectrq)hotometrically, assuming an Ajgo run of 1.0 
corresponds to an siPv concentration of 0.7 mg/ml. 

Affinity md kinetic measurements 

Die of C6.5 and 74IF8 sFv viett determined using surface plasmon 
resonance in a BIAcore (Pharmacia) and by Scatchard analysis. In a BlAcore flow cell, 
1400 resonance units (RU) of c-eibB-2 ECD (25 Mg/ml in 10 mM sodium acetate, pH 
4.5) was coiq)led to a CMS sensor chip (lohnssoh, B. et al., (1991) Anal. Biochem., 
198:268-277). Association and dissociation of C6.5 and 741F8 sFv (100 nM - 600 nM) 
were measured under continuous flow of 5 /d/min. Rate constant was determined 
ftom a plot of (In (dR/dt))/t vs concentration (Kadsson ei al. (1991) Immunol MeA., 
145: 229-240). Rate constant was determined from the dissociation part of the 
sttisorgram at the highest concentration of aiPv analyzed C^ohnsson et al. (1991) Anal. 
Biodiem., 198: 268-277). The of C6.5 was also determined by Scatchard analysis 
(Scatchard (1949) Annal. N.Z Acad. ScL, 51: 660). All assays were performed in 
triplicate. Briefly, 50 §ig of ladioiodinated sPv was added to 5 x lOf' SK-OV-3 cells in 
thepreseice of incrcaang concentrations of unlabeled sFv firom the same prqaration. 
After a 30 minute incubation at 20'C, the samples were washed with PBS at 40*C and 
centrifiiged at 500g. TTie amount of labeled sFv bound to die cells was determined by 
counting the pdlets in a gamma counter and the K, and Kj w«e calculated using the 
EBDA program (V 2.0, G.A. McPherson, 1983). 

Radiolabeting 

Hie C6.5 sFv was labeled with radioiodine umg the CT method 
(DeNardo et al. (1986) Nud. Med. Biol. 13: 303-310). Briefly, 1.0 mg of protein was 
combined with (14-17 rnO/mg) (Amersham, Arlington Heights, IL), or »»I (9.25 
mCi/mg) (DuPont NEN, Wilmington, DE) at an iodine to protdn ratio of 1:10. 10 ftg 
of CT (Sigma, St. Louis, MO) was added per 100 ^g of protdn and the resulting 
mixture was incubated for fluee minutes at room temperature. The reaction was 
quenched by the addition of 10 fig of sodium metabisulfite (Sigma) pw^ 100 ng of 
protdn. Unincorporated radioiodine was separated from the labded protein by gd 
filtration using the O-50-80 cmtiifuged-column method (Adams et al (1993) Cancer 
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jiei. 53: 4026-4034). The final specific activity f the CT labdling was 1.4 mCi/mg for 
the ™I-C6.5 sFv and typicaUy about 1.0 mCi/mg fijr the "*I-C6.5 sPv. 



Quality Control 

The quality of (he zadippharmaceuticals was evaluated by HPLC, 
SDS-PAGE, and a live cell binding assay as previously desoibed (Adams et al (1993) 
Cancer Kes. 53: 4026-4034). The HPLC dution profiles fiom a Spherogd T^K-3000 
molecular sieving column consistently demonstrated that greater than 99% of the 
ladioactivity was associated with the protein peak. Greater than 9856 of the nonreduced 
"*I-C6.5 aPv preparations migrated on SDS-PAGE as approximately 26 K, proteins while 
the mnaining activity migrated as a dimer. The immunoreactivity of the 
radippbarmacoiticals was determined in a live cell binding assay nHiiying c-erbB-2 
overexpressing SK-OV-3 cells (#HrB 77; American Type Culture Collection, Rockville, 
MD) and c-erbB-2 negative GEM cells (#119; American Type Culture Collection) 
(Adams, G.P. et aL, (1993) Cancer Res. 53:4026-4034). Live cdl binding assays 
revealed 49« of the activity assodaied with die positive cdl pdleted less than 3% bound 
to the negative control odls; these results were lower than those tyirically seen with 
741F8 sFv (60-80% bound) (Adams et al., (1993) siqtn.). 

Cell Surface Dissodatton Studies 

(3ell surface retentiwi of biotinylated forms of the sFv molecules were 
measured by incubating 2 of dther sFv with 2 x 10^ SK-BR-3 cdls (#HTB 30; 
Amoican Type Culture Collection) in triplicate in 20 ml of FACS buffer, with 0.01 % 
azide for 15 min at 4"C. The cdls were washed twice with FACS buffer (4»Q and 
lesuqxjnded in 2 ml of FACS buffer. 0.5 ml of the cdl suspension were removed and 
placed in three sqarate tubes far incubations under differing conditions; 0 min at 4"C, 
15 min at 37»C, and 30 min at 37"»C. After the incubations, die cdls were centrifiiged 
at 300g, the supenatante were removed, die cell pellets were washed 2x (4'C) and the 
degree of retention of sFv on the cdl surface at 37«'C (for 15 or 30 min) was compaied 
to retention at 0 min at 4°C. 
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Biodistnbution and Radiotnummoimaging Studies 

Four to six week old CJSTI/Ict'Sdd mice were d>tained from the Fox 
Chase Cancer Center Laboiatoiy Animal Facility. 2.5 x 10^ SK*OV-3 cells in log phase 
were implanted s.c. on die abdomens of the mice. After about 7 weeks the tumors had 
5 achieved mes of 100*200 mg and Lugol's solution was placed in the drinking water to 
block diyroid accumulation of radioiodine. Thxee days later, biodistnbution studies were 
initiated. ^-C6.5 sFv was diluted in PBS to a concentraticm of 0.2 mg/ml and each 
mouse was given 100 ftL, containin^O fig of iadi(q>harmaceutical, by tail vein 
injection. Total injected doses were determined by counting each animal on a Series 30 

10 multichannel analyzer/probe system Qmbe model glOffT, Canabena» Meridian, CT). 
Blood samples and whole body counts of the mice were obtained at regular intervals. 
Groups of 8 mice were sacrificed at 24 h after ixyection and the tumors and organs 
removed, weighed and counted in a gamma counter to detennine die %ID/g (Adams et 
al. (1993) sipra. ; Adams er oL (1992) Antibody Inmomocotg. and Radiopham., 5: 

15 81-95). The mean and standard error of the mean (SENQ for eadi groiq> of data were 
calculated, and T:0 ratios determined. Significance levels were determined using 
Students t-tesL 

For die radioimmunoimaging studies, tumc^-bearing scid mice were 
injected witii 100 iig (100 /xl) of "»I-C6.5. At 24 hours after injection, die mice were 
20 euthanized by asphyxiation witii COj and images were acquired on a Prism 200QXP 
gamma camera (Picker, Highland Heights, OH 44142). Preset acqui^tions of 100k 
counts were used. 
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Bfiadts 

After four rounds of sdecdon, 9/190 clones analyzed by EUSA expressed 
sFv which bound c-erbB-2 BCD (EUSA dgnals greater than 0.4, 6 times higher than 
background). After five rounds of selection, 33/190 clones expressed c-«rbB-2 binding 
sFv. PGR fingetpnnting of the 42 poative dmes idffltified ^;vo m 
patt^s and DNA sequendng of 6 clones from each patton revealed two unique human 
sE'v sequences, C4.1 and C6.5 (Table 6). The Vg gei^ of C6.S is from the human VhS 
gene £Eunily, and the gene from the human Vx family (Table 6). The Vl gene appears 
to be derived from two different gennline genes (HUMLV122 and DFL 5) suggesting the 
occurrence of PGR crossover (Table 6). The Vh gene of C4.1 is from the human Vh3 
family, and the gene from the human V,^3 fiamily (Table 6). C4.1 and C6.S both 
bound o-erbB-2 specifically, as determined by EUSA against the relevant antigen and a 
panel of irrelevant antigens. However, whoi biotmylated c-etbB-2 ECD was bound to 
avidin coated plates and used in EUSA assays, the signal obtained with C6.S was 6 
times higher than observed whm c-^B-2 BCD was absott)ed to polystyrene (1.5 vs 
0.25). In contrast, C4. 1 was not capable of binding to biotinylated c-ert)B-2 ECD 
captured on avidin miootitre plates. Additionally, biotinylated and iodinated C6.S, but 
not C4.1, bound SK-BR-3 cells overeaqirBssing c>^B-2. These results indicate that 
C6.5 binds the native c-eibB-2 expressed on cells, but C4 binds a denatured q>it0pe that 
appears when the antigen is adsori>ed to polystyrme. 

C6.5 was purified in yields of 10 mg/L of £ cott grown in shake flasks 
and gd filtration analysis indicated a single peak of approximately 27 K;^- The of 
purified C6.3 was determined using both surface plasmon resonance in a BIAcore and by 
Scatdiard. The determined by BIAcore (1.6 x 10^ M) agreed closely to the value 
determined by Scatchard (2.0 x l(y* M) (Table 7). Kinetic analysis by BIAcoie indicated 
that C6.5 had a rapid on-rate (k« 4.0 x lO^M'^s *) and a r^id off-rate (k^ 6.3 x lO^s-*) 
(Table 2). Cdl retention assay confirmed that C6.S dissociated rapidly from the cell 
surfece (Table 2). 

AftCT injection of *^I-C6.5 into scid mice bearing SK-OV-3 tumors, 1.47% 
ID/gm of tumor was retained after 24 hours (Table 7). Tumonnormal organ values 
ranged firom 8.9 (tumonkidney) to 283 (tumonmusde). These values wm higher than 
values observed for 741F8 sFv, produced from a murine monoclonal antibody (K4 = 2.6 
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X 10* M. The high T:0 latios resulted in the highly specific visualization of the tumor 
by gamma scintigraphy using "*Mabdled C6.5, 



Table?. Oiaracterization of aiitiHxrbB-2 s]^r specie Characteristics of tiie murine 
anti-c-cibB-2 sFv, 741F8, and the human sPv C6.5 are compared. The afSnity and 
d i ssocia tio n constants were detomined by Scatdiard plot analysis, unless otherwise 
stated. Dissociation from c-crbB-2 positive (SK-OV-3) cells was measured in an in vitro 
live cdl assay. Theperccotageof injected dose per gram (%ID/g) tumor M and tumor 
to organ ratios were determined in biodistribution studies performed in sqtarate groups 
of sdd mice (n«10-14) bearing SK-OV-3 tumors overeaqoessing c-ert)B-2. SEM are < 
35% of the associa t ed values a = significantly mpioved (p<O.QS) compared to 741F8 
sFv. 



Parameter 


741F8 


C6.5 


Kd (BIAcore) 


2,fixlO*M 


1.6kIO*M 


Ka (Scatchard) 


5.4x10^ 


2.1xlO^M 


k« (BIAcore) 


2.4xlO^-V» 


4.0xlO*M-»r' 


(BIAcore) 


6.4xl(^V 


6.3xiaV 


% associated with cell sur&ce at 15 min 


32.7% 


60.6% 


% associated with cell surface at 15 min 




O'y Oct 


%ID/g Tumor 


0.8 


1.0 


T:Blood 


14.7 


22.9 


TcKidney 


2.8 


5.6a 


Trliver 


14.2 


22.3 


T:Spleen 


10.3 


34.1 


T:Intestine 


25.0 


29.7 


TrLung 


9.4 


15.8 


TrStomach 


8.9 


11.1 


TrMusde 


78.8 


158.7 


T:Bone 


30.0 


102.7 
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Isolation of HiPh Afflnttv MonimiBriff fTtminii ^^nt^-fTth? Sfntf e Chiiiii liV TT^ np 

Afflnhv DrivMi ^f^tlfiUftn 

Materiak and MrthiMfc 

Construction of heavy diain shuffled libnaies 

To fadlitate heavy chain shuffling, litearies woe constoicted in pHEN-1 
(Hoogenboom et al. (1991) Nucleic Adds Ecs. 19, 4133^137) containing human V„ 
gene iqiertoiies (FRl to FR3) and a cloning site at the end of V„ FR3 for inserting the 
Vh Ca>R3, Vh FR4, linicer DNA and light chain ftom binding sFv as a BssHH-Notl 
fiagment To create the libiaiies three Vh gene repertoires enriched for human VhI, 
Vh3, and Vh5 gene were amplified by PGR using as a template single stranded DNA 
prq>ared from a 1.8 x 10* member sFv phage antibody Kbrary pHEN-1 (Marks et al. 
(1991) J. MoL Biol 222: 581-597). R>r PCR, 50 /d reactions were prepared containing 
10 ng template, 25 pmol back primer (LMB3), 25 pnud forward primer (PYglFORl, 
PVh3FOR1, or PV„5F0R1), 250 uM-dNTPs. 1 mM Mgd,, and 0.5 /J (2 units) Ta(I 
DNA potymerase (Promega) in the manufecturer's buffer. Primers PVHlFdrl, 
PVB3R»rl, and PV,^Qrl were designed to anneal to the consensus VhI, Vh3, or, VrS 
3* FR3 sequence respectively (Tomlinson ef al. (1992) /. MoL Biol 227, 77^798; see 
Table 18). Hie reaction mixture was subject to 25 cycles of anqilification (94°C for 
30 sec, 55 -C for 30 sec and 72»C for 30 sec) using aHybaid OmniGene cycler. Tlie 
products were gel purified, isolated ftom the gd using DEAE membranes, eluted fiom 
the membranes with high salt buffer, ethand predpiiated, and resuspended in 20 aJ of 
water (Sambrook et al. (1990)). 

nie DNA ftagments from the first PGR were used as templates for a 
second PCR to introduce a BssHH site at die 3'-end of FR3 followed by a NotI site. TTie 
BssHH site corresponds to amino acid residue 93 and 94 (Kabat numbering (Rabat et al 
(1987) Sequences of proteins of immunological interest, 4th ed., US Department of 
Health and Human Services, PubUc Health Service, Bethesda, MD; see, Tabht 5 in this 
reference) does not change the amino add sequence (alanine-aiginine). PCR was 

performed as described above using 200 ng purified first PCR product as template and 
the back primers PVHlFor2, PVH3For2, and PVH5For2. The PGR products were 
purified by extraction widi phenoychlorofarm, predpitated with ethanol, resuspended in 
50 Ad water and 5 ftg digested with Noa and Ncol. Hie digested fragments were gd 
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puiified and each Vh gene lepetUait ligated separately into pH£N-l (Hoogenboom et al. 
1991 supra.) digested with N tl and Ncol. The ligaticm mix was purified by extniction 
with phmol/ddoiofonn, ^hanol precipitated, lesuspended in 20 /d wato*, and 2.5 (d 
samples electropoiated (Dower et al. (1988) Niickic Acids Res. 16, 6127-6145) into 50 
Ml coB TGI (Gibson et aJ (1984) Ph.D. Thesis, University of Cambridge). Cdls 
were grown in 1 ml SOC (Sambiook et al. 1990) for 3 min and then plated on TYE 
(Miller (1972) B^riments in Moleatlar Cenetia Cold Springs Harbor Lab Press, Cold 
Springs Harbor, New York) media containing 100 ng ampcillin/ml and 1% (w/v) 
glucose (TYE-AMP-GLU). Colonies were soaped off Ae plates into S ml of 2 x TY 
brofli (Miller (1972), aqtra) containing 100 itg ampicUlin/ml, 196 glucose (2 x 
TY-AMP-GLU) and 15 (vAr) glycerol for storage at -TO'C. The doning efficiency and 
diveraty of the libraries were determined by PCR screening (Gussow and Clackson 
(1989) Made/c Adds Res. 17, 4000) as described (Maries et al. (1991), si^nt). The 
resulting phage libraiies were termed i^EN-I-VhIicp, pHEN-1-Vh3i9 and 
pHEN-l-VH5rep. 

nuee sqarate C6.5 heavy chain shufOed phage antibody libraries were 
made from the pHEN-1-VHlrep, pHEN-l-VaSrep, and pHEN-l-VH5rcp phage libraries. 
The C6.5 light chain gene, linker DNA, and Vh CDR and FR4 were amplified by PCR 
from pHEN-l-Ce.S plasmid DNA uang the primera PCfiNO^lBack and fdSEQl. Hie 
PCR reaction mixtures woe digested with BssHII and NoO and li fa tf d 
intpHEN-l-VHlrE?>, pHEN-l-V„3rep, and pHES-l-W^iep digested with NotI and 
BssHn. Transformation and creation of library stocks was as desoibed above. 

Construction of light chain skt^fled ttbraries 

To fedlitate light chain shufDing, a library was constructed in PHEN-1 
containing human Vk and gene rqjertoires, linker DNA, and cloning sites for 
inserting a V„ gene as an NcoI^XhoI fragment An Xhol can be encoded at the end of 
FR4 wiAout changing the amino add sequence of residues 102 and 103 (serine^erine) 
(Kabat et al. Sequences of proteins ofxnummological interest, 4th ed. U.S. Dept. Health 
and Human Services, Public HealA Services, Bethesda, MD (1987)). To create the 
library, a and Vx gene lepCTtoire was amplified by PCR fiom a 1.8 x 10" member sFv 
phage antibody library in pHEN-1 (Marks et al. (1991), stpro). PCR was performed as 
described above using 10 ng template, 25 pmd Back primer (RJHl/2/6Xho, RJH3Xho, 
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oR]H4/5Xh ) and 25 pmol fbiwaid primer (fdSEQl). The back primers were designed 
to anneal to die first 6 nucleotides of the (GAS) links and either die JhI, 2, 6, Jh3, or J„ 
4,5 segments lespecdvdy. The PGR reaction mixture was purified as described above, 
digested with Xhol and NoQ, gd purified and ligated into pHEN-V^SSl (Hoogenboom 
and Winter (1992) J. Mol Biol 227, 381-388) digested with Xhol and Notl. 
Transformatirai of K coU, TGI, PGR screening, and creation of library stocks was as 
described above. The resulting phage library was tenned i>HEN-l-Vi,rcp. 

The light chain shu£Qed phage antibody library was made for 
pHEN-l-Vtrep. The C6.5 Vr gene was amplified by PGR from pHEN-l-C6.5 plasmid 
DNA using the primers PCfiVglFor and LMB3. The PGR reaction mixture was 
purified, di^sted with Xhol and Ncol, gd purified and ligated into pHEN-l-Virep 
digested widi Xho and NcoL Transformation of £ coli TGI, PGR screening, and 
creation of library stocks was as described above. 

Canstnictim ofsFv comaMng highest qBMty Vg and gene obtained by diatn 
shifffSng 

Two new sFv were made by combining the Vl gei» of the highest affinity 
light chain shufDed sFv (C6L1) with the Vg gene of die highest affinity heavy chain 
shuffled sFv (C6H1 or C6H2). The C6L1 plasmid was digested with Ncol and Xhol to 
remove the G6.5 Vg gene and gd purified. The V„ gene of C6H1 or G6H2 was 
amplified by PGR using the primers LMB3 and PG6V„lFor, digested with Ncol and 
Xhol and ligated into die previously digested C6L1 vector. Qones were screened for die 
presMce of die correct insert by PGR fingerprinting and confirmed by DNA sequencing. 

Preparation qf phage 

To rescue phagemid partides fiom die libraries, 10 ml of 2 
TY-AMP-GLU were inoculated widi an appropriate volume of bacteria (a^noximatdy 
50 to 100 id) fiom the library stocks to give an A«o of 0.3 to 0.5 and grown for 30 min, 
shaking at 2>TC. About 1 x lO'* plaque-forming units of VGS-M13 (Stratagene) 
particles were added and die mixture incubated at 37"G for 30 min wifliout shaking 
followed by incubation at 37''G for 30 min witii shaking. Gdls were qmn &)wn, 
lesuspaided in 50 ml 2 x TY broth containing 100 fig ampidllin/ml and 50 itg 
kanamydn/ml (2 x TY-AMP-KAN), and grown overnight, shaking at 25'C. Phage 
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paitides were purified and concentrated by two PEO-pieciintations (Sambiook a al. , 
1990), resuqiended in 5 ml ph s^iate bu£feied saline (25 mM NaHjPQt, 125 mM NaQ, 
pH 7.0, PBS) and filtered through a 0.45 u filter. The phage prqiaration consistentiy 
resulted in a titrc of ^nnoximatdy 10" transducing units/nil any)icillin-rBsistant dones. 

Selection qf phage antibody tibraries 

The light chain shuffled library was selected using immunotubes (Nunc; 
Maxisoib) coated widi 2 ml c-etbB-2 ECD (25 ftg/ml) in PBS overnight at room 
temperature (Marks et al. (1991) st^ra). The tube was blodGed for 1 h at 37»C with 295 
skimmed milk powder in PBS (2% MPBS) and the selection, washing, and dution were 
perfionned as described (^^arks et al. (1991), stgav) umig phage at a concentration of 
5.0 X 10"/ml. One third of tiie duted phage was used to infect 1 ml log phase E. coli 
TGI, which were plated on TYB-AMP-GLU plates and described above. The 
rescue-sdecti(m-plating qrde was r^eated 3 times, after which dones were analyzed for 
binding by ELISA. 

All libraries woe also sdected using biotinylated o-eibB-2 ECD and 
strqrtavidin-coated paramagn^ beads as desofted (Hawkin et al. (1992) J. Aftrf. Biol. 
226, 889-896) with some modifications. To prqare biotinylated antigen, 0.2 ml 
c-eibB-2 ECD (1 mg/ml) was incubated with 5 mM NHS-LC-Biotin (Pierce) overnight at 
A'C and thai purified on a presto desalting cdumn. For eadi round of selection, 1 ml 
of phage (approximatdy 10" Lu.) were mixed with 1 ml PBS containing 4% skimmed 
milk powder, 0.05% Tween 20, and biotinyhited c-«bB-2 ECD. Affinity-driven 
selectiMS woe performed by decreasing the amount of biotinylated c-erbB-2 ECD used 
for selection. Two selection sdiemes woe used. 

In sdection scheme 1 (SI) antigen concMtradons of lOnM, 50 nM, 10 
nM, and 1 nM were used for sdection rounds 1, 2, 3, and 4 req)ectivdy. In sdection 
sdjeme 2 (S2) antigen concentrations of 40 nM, 1 nM, 100 pM, and 10 pM were used 
for sdection rounds 1, 2, 3, and 4 respectivdy. The mixture of phage and antigen was 
gently rotated on an under-and-ovw-tumtable for 1 hour at room tempMaturc. To 
c^rture phage binding biotinylated antigen, strqitavidin coated M280 magnetic beads 
(Dynabeads, Dynal) were blocked with 2% MPBS for 1 h at 37'C, and then added to the 
mixture of phage and antigen. In SI, 200 (round I), 100 id (round 2) or 50 ;*! 
(rounds 3 and 4) of beads were incubated with the phage-antigen mixture for 15 min, 



wo 97/00271 PCT/US96/10M7 

65 

xotatiiig on an under-and-over-tumtable at room temperature. In S2, 100 |d (round 1) or 
50 /il (rounds 2, 3, and 4) f beads were incubated with the phage-antigen mixture for 15 
min (round 1), 10 min (round 2), or 5 min (rounds 3 and 4). After c^ture f phage, 
Dynabeads were washed a total of 10 times (3 x PBS containing 0.05% Twera 20 
(TPBS), 2 X TPBS containing 2% skimmed milk powder, x PBS, 1 x 2%MPBS, and 2 x 
PBS) using a Dynal magnetic partide COTcentrator. Hie Dynabeads were resuspoided in 
1 ml PBS, and 300 /il were used to infect 10 mi log phase £. colt TGI whidi were 
plated on TYE-AMP-GLU plates. 

Mtial sFv diaracterization 

Initial analysis of chain shufOed sFv clones for binding tc-erbB-2 was 
performed by ELISA using bacterial supernatant containing expressed sFv. Bqnession 
of sFv (De Bellis and Schwartz (1990) Nudeic Adds Res. 18, 1311) was performed in 
96 weU microtitre plates as described (Marks et al. (1991), sig>m) with the foUowing 
excqrtion. After overnight growth and eiqnession at 30"C, 50 ^1 0.5% Tweoi 20 was 
added to each wdl and the plates incubated for4 h at 37»C with shaking to induce 
bacterial lysis and increase the concentration of sFv in the bacterial supcznatant. For 
selection performed on Immunotubes, EUSA plates (Falcon 3912) were incubated with 
c-erbB-ECD (2.5 ns/al) in PBS at 4»C overnight For selections performed with 
biotinylated proton, Inununolon 4 plates (Dynatech) were incubated overnight at 4''C 
with Immunqpure avidin (10 fig/ai in PBS; Pierce). After washing 3 times with PBS to 
remove unbound avidin, wdls were incubated with biotinylated c-erfoB-2 BCD as in 
Example 1. In both cases, binding of sFv to c-erbB-2 ECD was detected with the mouse 
monoclonal antibody 9E10 (1 Mg/ml). which recognizes the C-terminal pqjtide tag 
(Munio and Pelham (1986), Cett 46, 291-300) and peioxidas&<»njugated anti-mouse Fc 
antibody (Sigma), as described (Marks a a!., 1991, supn). Selected binders were 
fiirther diaracterized by sequencing of the Vr and genes (Sanger et al, (1977) Proc. 
Natl Acad. Sd. USA. 74: 5463-5467). Sequence data has been dqxnited with the 
CienBank Data library. 

Screening of sFv for rdative affinity was poformed essoitially as 
described (Friguet et al (1985) J. btmimol Meth. 77: 305-319). Immunolon 4 ELISA 
plates (Dynatech) were coated witii avidin in PBS (10 ng/nd) at 4"C overnight. 
Kotinylated c^B-2 ECD (5 ngfnH) was added to the wells and incubated for 30 min at 
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room teiiq)eratiiie. Bacterial supernatant containing sPv was incubated with vaiy^ 
concentrations of c-ert)B-2 (0 to 100 nM) at 4»C for 1 h. The amount ffieesFvwas 
thai determined by transferring 100 of each mixture into the weUs of the previously 
prqiaied EUSA plate and incubating for Ih at 4<*C. Binding f sFv was detected as 
under EUSA screening and the IC30 calculated as described (Frigutt a al. (1985), 

Screening of sFv by dissociation rate constant was performed uang 
real-time biospedfic interaction analysis based on «irface plasnum resonance (SFR) in a 
BIAcore (Pharmacia). Typically 24 ELISA positive clones from each of the final two 
nnmds of selection were screened. A 10 ml culture of £ coU TGI containing the 
^propriate i^agemid was grown and expression of sFV induced with WTG (De Bdlis 
and Schwartz, 1990). Cultures were grown overnight at 25»C, sFv harvested from the 
peiq)lasm (Brdtling et al. (1991) Gene 104, 147-153), and the peiiplasmic fraction 
dialyzed for 24 h against HEPES buffered saline (10 mM Hepes, 150 mM NaQ, pH 7.4, 
HBS). In aBIAcore flow cell, approximately 1400 resonance units (RU) of c-erbB-ECD 
(25 ^g/ml) in 10 mM acetate buffer pH 4.5 were coupled to a CMS sensor chip 
(Johnsson et al. (1991) Ami. Blochem. 198, 268-277). Association and dissociation of 
undiluted sFv in the p«iidasmic fraction was measured und« a constant flow of 5 
/tl/min. An appaioit dissociation rate conaant (k^ was drtermined from the 
dissociation part of the sensorgram for each sFv analyzed (Karisson et d. (1991) J. 
hnnumoL Methods 145, 229-240). TypicaUy 30 to 40 samples woe measured during a 
single BIAcore run, with C6.5 periplasmic preparations analyzed as the first and final 
samples to ensure stability during the nm. The flow cell was regenerated between 
samples using 2.6 M MgQ, in 10 mM glycine, pH 9.5 without significant change in the 
sensorgram baseline after analysis of more than 100 sanqjles. 

SubdoTdng, expression and purification of Single-diain Fv. 

To facilitate purification, shuffled sFv genes were subdoned (Example 1) 
into the eiqnession vector pUCllSfi-NotmycHis, which results in the addition of a 
hexa-histidine tag at the C-terminal end of the sPv. 200 ml cultures of KcoU TGI 
harboring one of the C6.5 mutant phagemids were grown, expression of sFv induced 
with IPTG (De Bellis and Schwartz (1990), sigyra) and the culture grown at 25»C 
overnight. Single-chain Fv was harvested from the periplasm (Bidtling et al. (1991), 
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supra) dialyzed ovonight at 4*'C against 8 L of IMAC loading buffo* (SO mM sodium 
phosphate, pH 7.S» 500 mNaQ, 20 mM imidazole) and then filt^ through a 0.2 
micnm filter. 

Single-chain Fv was purified by immobilized metal affinity 
chromatognjAy (IMAC) (Hochuli et al. (1988) Bio/Tedmohgy, 6, 1321-1325) as 
described in Bcample 1. To lemove dimeric and aggregated sPv^ samples were 
concentrated to a volume < 1 ml in a Centricon 10 (Amicon) and fractionated on a 
Superdex 75 column uang a running buffer of HBS. The purity of Oe final preparation 
was evaluated by assaying an aliquot by SDS-PAGE. Protein bands were detected by 
Coomassie stainiog. The concentration was determined spectiophotometrically assuming 
an Aaso nm of 1.0 corresponds to an sFv concentration of 0.7 mg/ml. 

Measuremem qfiffiitity, kmerics, and cell surface mention 

The Ka of light diain shufQed C6.S mutants isolated fiom phage selection 
using Immunotubes (Nunc) were determined by Scatchard analysis. All assays were 
performed in triplicate. Briefly, 50 mg of radioiodinated sPv was added t05 x lO' 
SK-OV-ceUs in the presence of increasing concentrations of unlabeled sPv from the same 
prqKiration. Aft^ a 30 minute incubation at 20*'C» the samples wm washed with FBS 
at 4''C and centrifuged at 500g. The amount of labeled sFv bound to the cells was 
determined by counting the pellets in a ganmia counter and the and were calculated 
using the EBDA program (V 2.0, G.A. McPherson, 1983). The of all the other 
isolated sFv w«e determined using surfece plasmon resonance in a BIAcore (Pharmacia). 
In a Bl^re flow cell, proximately 1400 resonance units (RU) of c-crbB-2 ECD (25 
Mg/ml in 10 mM sodium acetate, pH 4.5) was coupled to a CM5 swisor drip (lohnsson 
et aL (1991), siy>ra). Association and dissodation-rates were measured undw continuous 
flow of 5 ml/min using a concentration range from 50 to 800 nM. Rate ccmstant was 
determined fiom a plot of (l(dR/dt))/t vs concentratiwi (Karlsson et al. (1991), supra). 
Rateconstantkrff was determined from the dissociation part of the sensorgram at tiie 
highest concentration of sFv analyzed. Cell surface retention of C6.5 and C6L1 was 
det^mined as described in Example 1. 
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Modeling (^location of vmaAons 

The locadon of mutations in shuffled sFV was modded on the structure f 
the Fab KOL (Maiquart a al. (1980) /. Mol Biol. 141, 369-391) using Madmdad y5.0 
(Molecular Applications Group, Palo Alto, CA) running on an Apple Macintosh (Juadra 
6S0. 



Results 

ConOTuaion of shuffled phage antibody libraries 

To £sciUtate heavy chain shufiQing, Ubiaiies were constructed in pHEN-1 
(Hoogenboom et aL (1991), s\^ra) containing human Vh gene repertoires (FRl to FR3) 
and doniitg sites for inserting the VhCDR3FR4, single chain linker, and light chain 
gene from a binding sFv as a BssHH-Notl fragment. Three heavy chain shuffling 
libraries were created (pHEN-l-VHlrtp, pHEN-l-VH3rep, and pHEN-l-VHSrep), each 
enriched fior VhI, Vh3, or V^S genes by using PCR primers designed to anneal to the 
consensus sequence of the 3' end of V„l, Vh3, or VbFR3 (Tomlinson et aL (1992), 
«<pw»). T*ese primers also introduced a BssHH site at the end of FR3,withom changing 
the amino add sequence typically observed at these residues. libraries of 5.0 x 10* 
doms for pHEN-l-VHlrep, 1.0 x 10« dones for pHEN-l-VH3rq, and 1.5 x IC dones 
for pHEN-l-VH5rep were obtained. Analysis of 50 dones from each Ubrary indicated 

that greater than 80% of the dones had inserts, and the Ubraries were diverse as shown 
by the BstNI restriction pattern (Marks effl/. (1991), jipro). Three heavy diain shuffled 
Ubraries were made by doning the C6.5 Vh CDK3, FR4, linker, and light duun genes 
into the previously created V„l. V„3, or Vh5 repertoire using the BssHD and NotI 
restriction sites. After transformation, libraries of 1.0-2.0 x 10* dones were obtained. 
PGR screening revealed that 100% of dones analyzed had fiiU length insert and diverse 
BstNI restriction pattern. Prior to selection, 20/92 clones sdected at random fiom the 
Vh5 library expressed sFv whidi bound c-erbB-2. 0/92 dones sdected at random from 
fte VhI or Vh rq>ertoire expressed sFv which bound c-erbB-2. 

To fadfitate light diain shuffling, a library was constructed in pHEN-1 
containing human V^ and V, gene rq)ertdres, single dudn linker DNA, and cloning sites 
for inserting the V„ gene from binding sFv as an Ncd-Xhol fragment. The resulting 
library (pHEN-l-V,rcp) consisted of 4.5 x Iff dones. PGR screening revealed that 95% 
of dones analyzed had full length insert and a divase BstNI restriction pattern. A light 
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Chain shufded library was made by cloning the C6.5 V„ gene into pHEN-l-V,iep. After 
transformation a library of 2.0 x 10« clones was obtained. PGR screening revealed that 
100% of doncs analyzed had fiiU length insert and a diverse BstNI restriction pattern. 
Prior to selection, 0/92 dooes selected at random expressed sFv which bound c-erbB-2. 

Isolation and characterization of higher canity tight chain sht0ed scF 

In a first a9>proach to increase affinity, c-erbB-2 ECD coated polystyrene 
tubes were used for selecting the light chain shuffled library. Phage were subjected to 
three rounds of the rescue-selection-infection cycle. One hundred and eighty clones ftom 
the 2nd and the 3rd round of selection were analyzed for binding to recombinant 
c-eibB-2 ECD by ELBA. After the 3rd round of selection, greater than 50% of the 
clones were positive by ELISA (Table 8). 



T[a>le8. Frequency of binding sFv and percent of binding sFv with stowert- than 
C6.5. bimling was determined by ELBA. Kale constant was determined by BIAcore 



library and method of selection 


ELISA 
Round of Selection 


sPv with slower 
than C6.5 ^laraital 
sFv) 

Round of Selection 


2 


3 


4 


2 


3 


4 


Vi,-sfaufning, selected on: 
andgoi coated immunotubes 


41/180 


97/180 


ND 


ND 


ND 


ND 


s(duble antigen (rd 1, 100 nM; rd 2, 
50 nM; rd 3 10 nM; rd 4, 1 hM). 


74/90 


22/90 


13/90 


ND 


0% 


42% 


soluble antigen (rd 1, 40 nM; rd 2, 1 
nM; rd 3, 0.1 nM; rd 4, 0.01 nM) 


ND 


65/90 


62/90 


ND 


25 
% 


84% 


VH-shuffling, selected ok 

soluble antigai; (rd 1, 100 nM; rd 2, 
50 nM; rd 3, 10 nM; Id 4, 1 nM) 


ND 


43/90 


56/90 


ND 


0% 


0% 


soluble antigen (rd 1, 40 nM; rd 2, I 
nM; rd 3, 0.1 nM; td 4, 0.01 nM) 

PdsrOUnd. MUss nnt /JetArminmt nk/lsl I 


ND 


90/90 


82/90 


ND 


0% 


12% 
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Table 9. ICjoandKd f C6.SsFv and 4 chain shuffled mutant sFvs. ICsowas 
determined by competition ELBA and Kj by Scatchaid after ladioiodination. 



sFv 


ICjoCM) 




C6 5 


2 0 X 10* 




C6VLB 


l.O X 10* 


3.0 X 10r» 


C6VLD 


5.8 X 10* 


2.6 X 10* 


C6VLE 


2.8 X 10* 


7.1 X 10* 


C6VLF 


7.5 X 10* 


7.9 X 10* 
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Positive clones were ranked by ICjo as determined by competition ELISA 
(Table 9). Sixteen sFv with IC50S less than the IC^ f parental sfv were sequenced 
and f ur unique DNA sequences identified (Table 10). These clones were purified by 
IMAC after subdoning into PUC119SFI/NotmycHis, and the affinity determined by 
Scatchard analysis. 

Despite their lower IC50S, none of these 4 sfv had a higher affinity for 
c-^B-2 (Table 9). Gd filtration analysis of the four purified sfv demonstrated die 
presence of two spedes, with size consistent for monomeric and dimeric sfv. In 
contrast, the parratal sFv existed mly as monomer. 

As a result of these observations, it was hypothesized that sdection on 
immobilized antigen ficvored the isolation of lower affinity dimeric sFv whidi could 
adiieve a higher apparent affinity due to avidity. In addition, determination of ICjo by 
inhibition EUSA using native sFv in periplasm did not successfiilly screen for sFv of 
higher afBnity. To avoid the sdection of lower affinity dimeric sFv, subsequent 
sdections were performed in solution by incubating the phage with biotinylated c-erbB-2 
BCD, followed by c^rture on streptavidin coated magnetic beads. To sdect phage on the 
basis of afSnity, the antigen concentration was reduced each round of sdection to bdow 
the range of the desired sFv (Hawkins et al. (1992), npra). To screen EUSA 
positive sFv for improved binding to c-abB-2, a BIAcore was used. Pmplasm 
prqwations containing uitpurified native sPv can be sailed direcdy to a c-erbB-2 coated 
BIAcore flow cdl, and the deterniined firom the dissociation portion of the 
sensorgram. This permitted ranking the chain shuffled dones by k^. Moreover, by 
plotting In (Rn/Ro) vs t, the presence of multiple koff can be detected, indicating the 
presmce of mixtures of monomeric and dimeric sFv. This strategy of selecting on 
antigen in solution, followed by BIAcore screening of EUSA positive sFv, was used to 
isolate higher affinity diain shuffle mutants. 

The light chain shuffied library was subjected to four rwnds of sdection 
on decreasing soluble antigen concentration (100 Nm, 50 Nm, 10 Nm, and, 1 Nm). In a 
separate set of experiments, the 4 rounds of sdection were performed using 40 nM, 1 
nM, 0.1 nM, and 0.01 nM antigen concentration. Using tiie higher set of antigen 
concentrations for sdection, 13/90 clones woe positive for c-erbB-Wnding by EUSA 
after tiie 4tii round of sdection. In die BIAcore, 42% of tiiese dones had a slower 
than tiie parental sFv. Using tiie lower set of antigen concmttations for sdection, more 
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dones woe positive for binding by EUSA (ffi/90) after the 4th round f 

sdection, and 84% had a slower k;* than the parental sFv. Sequencing of the Vl gene of 
ten of these sFv revealed one unique sFv (C6L1) (Table 10). The Vx gene of C6L1 was 
derived ftom the same gemUine gene as the parental sFv, but had 9 amino add 
substitutions. The CfiLl gene was subdoned and the sFv purified by IMAC and gel 
filtration. C6L1 sFv was monomeric as determined by gd filtration and had an affinity 6 
times higher than parental (Table 11). The increased a£Bnity was due to both a fester k„ 
and a slower k^r (Table 11). The slower was assodated with a three fold increase in 
tile retention of sFv on the surface of SK-OV-3 cdls (28% at 30 minutes for C6L1 
compared to 10% at 3 minutes fin- the parental sFv). 



Table 11. Affinities and binding kinetics of c-erfoB-2 binding Single-diain Fv, Kj, k;. 
and krff were determined by surface plasmon resonance in a BIAcore. Combined Single- 
chain Fv result from combining the V,. of C6L1 with flie Vh of ather C6H1 or C6H2 



H sFv source and done name 


K*(M) 


n — — w— 

k, (MV) 


1^(M-V») 


1 Parental C6.5 


1.6 X 10* 


4.0 X 10* 


6.3 X 10^ 


Light Chain Shuffled C6L 


2.6 X 10* 


7.8 X 10^ 


2.0 X 10* 


Heavy Chain Shuffled 

C6H1 

C6H2 


5.9 X 10* 
3.1 X 10* 


1.1x10* 
8.4 X 10* 


6.2 X ia» 1 
2.6 xvr' 


Combined sFv 
C6H1L1 
1 C6H2L1 


1.5 X Ifr* 
6.0 X 10* 


4.1 X 10* 
3.0 X 10* 


6.2 X 10* 

1.8 X ia» 1 



bohaon and characterization (f higher tffinity heavy dmn shi^ed scf. 

The V,^ heavy chain shuffled library was subjected to four rounds of 
sdection on decreasing soluble antigen concentration (100 Nm, 5nM, 10 Nm, and, 1 
Nm). Li a sqxarate set of experiments, the rounds of selection were performed using 40 
Nm, 1 Nm, 0.1 Nm, and 0.01 Nm antigen concentration. Using the higher set of 
antigen concentrations for sdection, 56/90 dones were positive for c-erbB-binding by 
EUSA after the 4th round of selectira. None of these dones, however, had a slower k^ 
than the parental sFv. Using the lower set of antigeo concentrations for sdection, more 
clones were positive for c-erbB-2 binding by ELISA (82/90) after the 4fli round of 
sdection, and 12% had a slower k^, than the parental sFv. No binders were isolated 
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firom either tbt Vgl or Vh3 shuffled libraries. Sequeodng of the Vh geae of all slower 
kioff clones revealed two unique sFv, C6H1 and C6H2 (Table 12). The Vh genes of 
C6H1 and C6H2 were derived firom the same germline gene as the parental sFv» but 
differed by 7 and 9 amino adds respectively. C6H1 also had a stop codon in the heavy 
chain CDRl and was expressed as a Pm fusicm due to read through, albdt at very low 
levels. The two sFv were subdoned and purified by IMAC and gel filtradon. Both sFv 
were monomeric as determined by gd filtration C6H1 had 3 fold higher afSnity for 
CHeibB-2 than C6*S and C6H2 had S fdd higher affinity than C6.S (Table 11). The 
increased affinity of C6H(S.9 x 10^ M) was due to a faster k.., whereas the increased 
afiBnity of C6H2 (3.1 x 10^ M) was due to both a faster Ic^ and slower (Table 11). 

Location of mutations in chain shi^fled sqf 

Mutations in dudn shuffled sFv were modeled on the Fv fragment of die 
immunoglobulin KOL (Marquart et oL (1980), supra) (Figures 2 and 3). KOL was 
sdected as the modd because it has a Vx gene derived from die same family as €6.5, 
aiui a Vh gene with the same length CDR2. Mutations in higher afGnity sFv were located 
both in mface residues at the andgen combining site, as wdl as readues located far 
from the binding site (Figure 2). Except for two cons^vadve mutadons in Vk 
framework 3 (V89M and F91Y), no mutations wm located in residues which form die 
two 5 stranded B-sheets diat form die V^-Vl interface (Chodiia et aL (1985)7. Mol 
Biol 186, 651-663) (figure 2 and Tables 10 and 12). In contrast, all 4 light chain 
shuffled sFv which formed mixtures of monom^ and dimer had mutations in residues 
which formed the B-sheet that packs on die Vh domain (Table 4 and Figure 3). 
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AfUnitkll Ofm rmibine from eombininc^ hiah,. ^ ^^^^ 
obtained Av ehMn fftfffflfff, 

In an attempt to further increase affimty, shuffled Vh and Vl ge^ 
higher afBnity sFv were combined into the same sFv. Combining the Vl gene from 
C6L1 with the Vh gene from C6H1 resulted in an sFv (C6H1L1) with lower affinity than 
either C6L1 or C6H2 CTahle 11). No additional reduction in was achieved, and the 
k, was reduced approximately 2 fold. Similarly, combining the Vl gene from C6L1 
with the Vh gene ftom C6H2 resulted in an sFv (C6H2L1) with tower afBnity than C6L1 
or C6H2 enable 11). No additional reduction in k;« was achieved, and the Ic^ was 
reduced approximately 2 fWd. Urns, in both instances, combining the independently 
isolated higher afBnity Vh and V, genes had a negative effect on affinity. 



Prtlductkm nf Htghw- Affjnitv Mntamtir 

In order to prepare higher afBnity mutants derived from C6.5 part Of the 
light chain and heavy chain CDR3 were sequentially randomized. Hie C6.5 VL CDR3 
was modified by randomizing teh sequence AAWDDSLSG. The heavy chain CDR3 
domain was randomized. Hie variable heavy chain CDR3 was randomized 4 amino 
adds at a time: In other words, the CDR3 sequence of HDVGYCSSSNCAKWPEYFQH 
was modified by randomizing SSSN (library B), DVGY (Ubrary A), AKPE (library C) 
and YFQH (Ubiary D) SSSN, AKPE and YFQH respectively as described below. 

I. Materials and Mrfhnite 

Construction of phage antibody libraries 

As explained above, mutant sFv phage antibody libraries were constructed 
based on the sequence of C6.5, a human sFv isolated from a non-immune phage antibody 
Ubrary which binds to the tumor antigen c-erbB-2 with a Kd of 1.6 xlO*U(see 
Example 1). For construction of a library containing V^CDIG mutants, an 
oligonucleotide (VLl; Table 18) was designed which partiaUy nmdomized nine amino 
add residues located in V^ C35R3 (Table 4, above). For the nine amino adds 
randomized, the ratio of nudeotides was diosen so that the fiequency of wild-type (wt) 
amino add was 49%. 
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To create the library, C6.5 sFv DNA (10 ng) was amplified by PGR in 50 
fd reactions containing 25 pmol LMB3 (Marks et al,, 1991 /. MoL Biol 222: 581-597), 
25 pmol VLl, 250 mM dNTPs, 1.5 mM MgClj, andl ^ (5 units) Taq DNA polymerase 
(Promega) in the manufiacturers buffer. Tlie reaction mixture was subjected to 30 cycles 
I of an^lification (94''C for 30 s, 50''C for 30 s and 72''C for 1 min) using a Hybaid 
OmniGene cycler. 

To introduce a NotI restriction site at the 3' end of the sFv gene 
rq)ertoire, the PGR fragment (850 bp) was gd purified and reamplified using the primers 
LMB3 and VL2 (Table 18)* Hie PGR product was purified, digested with Sfil and Noa, 

ifi and ligated into pCANTABSE (Pharmada) digested with Sfil and Nofl. 

ligation mixtures were purified as previously described above and aliquots 
dectrqporated (Dower et al. (1988) Nucleic Adds Res., 16: 6127-45) into 50 fd E. coli 
TGI (Gibson (1984) Studies on the Epstdn-Barr virus genome. PhD thesis, University of 
Cambridge). Cells were grown in 1 ml SOC (Sambrook et al., (1990) s^qmL) for 30 

25 min and thai plated on TYE (Miller, J. H. (19n) Eg)erimem in MoleaUar (kneti^ 
Cold Springs Harbor Lab Press, Cold Springs Harbor, New York.) media containing 
100 iig ampidllin/ml and 1% (w/v) glucose (TYE-AMP-Glu). Cobnies were soaped 
off the plates into 5 ml of 2 x TY broth (MOlet (1972) stgfra.) containing 100 Mg 
ampidllin/ml, 1% glucose ^xTY-AMP-Glu) and 15% (v/v) glycerol for storage at 

2fi -70**C. The cloning efficiency and diversity of libraries was determined by PCR 

screening (Gussow & dackson (1989) Nucleic Acids Res. 17) exacfly as described in 
(Marks et al., (1991) sipra.) and by DNA sequwidng (Sanger et al. (1977) Proc. Natl 
Acad. Sci. USA, 74: 5463-7). The mutant phage antibody library was designated 
C6VLCDR3. 

25 Four libraries of Vh CDR3 mutants were constructed. For ccmstruction of 

each Vh CDR3 library, oligonucleotides (VHA, VHB, VHC, and VHD; Table 18) were 
designed which completely randomized four amino add residues located in Vh CDR3 
(amino add residues 96 to 99, library A; residues 100a to lOOd, library B; residues 
lOOf, lOOg, lOOi, and lOOj, library C; and residues lOOk to H102, library D; Table 13). 

afl To create the libraries, DNA racoding the Vh gene of C6.5 sFv DNA (10 ng) was 

amplified by PCR in 50 ^ reactions containing 25 pmol LMB3 (Marks et al., 1991) and 
25pmolofeitherVHA, VHB, VHC, or VHD exactly as described above. Theresulting 
PGR fragments were designated VHAl, VHBl, VHCl, and VHDl, based on the 
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mutagenic cdigonudeodde used for aiiq)Iificati(m. In four separate PGR reactions, DNA 
eDcoding tte light chain, sFv linker, Vg fitamework 4 (FR4), and a portion f V„ CDR3 
of C6ML3-9 was amplified by PGR as described above using the piimeis Cfliisnot and 
either RVHA, RVHB, RVHC, or RVHD (Table 18). 

These amplifications yielded PGR fiagments VHA2, VHB2, VHC2, and 
VHD2. The 5* end ofprimers RVHA, RVHB, RVHC, and RVHD were designed to be 
complementary to the 5* ends of primers VHA, VHB, VHC, and VHD reqwctively. 
Hus oomplementaiity permits joining of the VHl and VH2 PGR fragments together to 
create a fuU lei^ sFv gene rq)atdie using sididng by overlap extension To create 
the mutant sFv geu: rq»toires, 200 ng of eadi PGR fiagment (VHAl and VHA2, 
VHBl and VHB2, VHCl and VHG2, or VHDl and VHD2) were combined in 50 ml 
PGR reaction mixtures (as described above) and cycled sevoi times to join 0te fragments 
(WG for 308. 60'G fbr 5s, 40»C for Ss (RAMP: 5s), 72»C fori min). After seven 
qrdes, outo* primers LMB3 and C6hisnot were added and the mixtures anq>lified for 30 
cycdes (94»C for 30 s, 50»C for 30 s, 72»G for 1 min). The PGR products were 
purified as described above, digested with Sfil and NotI, and sqarately k^*'^ into 
PGANTAB5E (Pharmacia) digested with Sfil and Notl. Hie four ligation mixtures were 
purified as described above and dectipparated into 50 /d £ cofl TGI. Transformed 
cells were grovra and plated, and libraries characterized and stored, as described above. 
Hie mutant phage antibody libraries were designated G6VHGDR3A, C6VHGDR3B, 
C6VHGDR3G, and C6VHCDR3D. 

Preparation cf phage and seledion qfjOiage antibody Ubraries. 

Preparation of phage for selection was performed exactly as described in 
Examples 1 and 2.. Phage particles were purified and concentrated by two 
PEG-predpitations (Sambrook et al., 1990), resuspended in 5 ml phosphate buffered 
saline (25 mM NaH^O^. 125 mM NaQ, pH 7.0. PBS) and filtered through a 0.45 n 
filter. All h'braries were selected using biodnylated c-eibB-2 ECD and 

strq)tavidin-coated paramagnetic beads M280(Dynal) as described above. For selection 
of the G6VLCDR3 library, c-erbB-2 ECD concentrations of 4.0 x 10* M, 1.0 x 10* M, 
1.0 X 10-" M, and 1.0 x 10"" M were used for selection rounds 1, 2, 3, and 4 
respectively. The mixture of phage and antigen was gently rotated for 1 h at room 
temperature and phage bound to biotinylated antigen captured using 100 /tl (round 1) or 
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SO fd (rounds 2, 3, and 4) f streptavidin-coated M280 magnetic beads. After c^ture f 
phage, Dynabeads were washed a total of ten times (three times in PBS containing 

0. 05% Tween 20 (TFBS), twice in TPBS containing 2% skimmed milk powder 
(2%MTPBS), twice in PBS, nee in 2%MPBS, and twice in PBS) using a Dynal 

S. magnetic partide concentrator. The Dynabeads were resuapended in 1 mi PBS, and 300 
III w©e used to infect 10 ml log phase E. cott TGI which were plated on TYE-AMP-CHu 
plates. For selection of the C6VHCDS3 libraries, &«ibB-2 BCD conc»traticms of 5.0 x 
10^ M, 5.0 X 10-" M, 5.0 X la" M, and 5.0 x 10"" M were used for selection rounds 

1, 2, 3, and 4 respectivdy and the phage c^>tured by incubating with SO /d of 
ifi Dynabeads for S min. 

The washing protocol was altemi to select for sFv with the lowest 
(Hawkins ei al. (1992) 7. Mol Biol 226: 889-896). Dynabeads with bound phage were 
initially subjected to five TBfid washes (4 x TPBS, 1 x MPBS) followed by six 30 min 
incubations in one of three washing bufiGer (2 x TPBS, 2 x MPBS, 2 xPBS) containing 
IS, 1.0 X 10"^ M c^B-2 BCD. Bound phage were eluted firom the Dynabeads by 

sequential incubation wifli 100 §d of 4 M MgOj for IS min followed by 100 /d of 100 
mM HQ for 5 min. Eluates were combined and neutralized with l.S ml of 1 M Tris 
HQ, pH 7.5 and one third of the duate used to infiect k)g phase £. coH TGI. 

2fi Imtial sFv characterization. 

Initial analysis of selected sFv clones for binding to c-ert>B-2 ECD was 
determined by phage ELISA. To prqwrc phage for EUSA, single ampidllin resistant 
colonies woe transferred into microtitre plate wells containing 100 lA 2xTY-AMP-0.1% 
glucose and grown for three hours at 37"C to an A«o of iqiproximately 0.5. VCSM13 

2i he^ phage (2.5 x 10" phage) were added to each wdl, and tiie cdls incubated for 1 
hour at 37''C. 

Kanamycin was then added to eadi well to a final concentration of 2S 
/tg/ml and die bactwia grown overnight at 37*C. Supematants containing phage were 
used for EUSA. For ELISA, Lnmunolon 4 plates (Dynatedi) were incubated overnight 
3H at 4**C with ImmunoPure avidin (10 /tg/ml in PBS; Place), After washing tiiree times 

with PBS to remove unbound avidin, wdls were incubated with biotinylated c-erbB-2 
ECD as described above. 
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Bindiqg of sPv phage to c-eibB-2 EC3> was detected widi 
peroridasft^cmjugated anti-M13 antibody (Hiannacia) and ABTS (Sigma) as substrate. 
Selected bindos woe further chaTacterized by DNA sequencing of Uie Vr and genes. 

Ranking of sFv by 1^ was performed using SPR in a BIAcore as described 
above. Briefly, 10 ml cultures of 24 EUSA positive dones ftom the third and fourth 
round of sdection were grown to an Atoo of i5>pro«mately 0.8, sFv expression induced 
(De Bellis et aL (1990). NucMc Adds Bes., 18: 1311) and the culture grown overnight 
at 25»C. Single-chain Fv were harvested from the periplasm (BieitUog et al. (1991) 
Gene, 104: 147-153), and the periplasmic fraction dialyzed for 48 h against hepes 
buffered saline (10 roM hepes, 150 mM NaQ, pH 7.4. HBS). Li a BIAcore flow cdl, 

appninmatdy 1400 resonance units (RU) of c-eibB-2 BCD were coiqded to a CMS 
sensor dap using NHS-EDC chemistry (lohnsson et ai. (1991) AnaL modiem. 198: 
268-277). Association and dissociation of undiluted sPv in the periplasmic fraction w«e 
measured under a constant flow of 5 /d/minand HBS as running buffer. An apparent 
was detmnined from die d i ssocia t ion part of die sensoigram for each sFv analyzed 
(Karisson et al. (1993) /. ImnamoL MeOi. 166: 75-84). The flow ceU was regenerated 
between samples using sequential injections of 4 M MgClj and 100 mM triethylamine 
without significant change in the sensoigram baseline after analysis of mwe than 100 
sanqdes. 



Subdoning, eq>ressUm and purification ofsFv. 

To facilitate purification of sFv selected ftom die C6VLCDR3 Hbrary, die 
sFv genes were subdoned into the expression vector pUC119 Sfi-NotmycHis, whidi 
results in the addition of a hexa-histidlne tag at die C-terminal end of the sFv. The sFv 
selected &om die C6VHCDR3 library already have a C-terminal hexa-histidine tag and 
therefore could be purified without subcloning. 500 ml cultures of E. cott TGI 
hariioring one of the C6.5 mutant phagemids were grown, expression of sFv induced (De 
Bellis era/. (1990) Ji(pnz.), and the culture grown at 25*C overnight Singlwiiain Fv 
were harvested from the per^lasm (Breitling et al. (1991) supra.), dialyzed overnight at 
4«C against 8 L of IMAC loading buffer (50 mM sodium phosphate, pH 7.5, 500 mM 
Naa, 20 mM imidazole) and dien filtered through a 0.2 micron filter. Single<hain Fv 
was purified by IMAC (HochuU et al. (1988) Bio/Tedinology, 6: 1321-1325) as 
described above. 
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To sq>aiate monomelic, dimenc and aggregated sFv, samples were 
concentrated to a volume < 1 ml in a Centricon 10 (Amicon) and fractionated on a 
Supentex 75 column using a running buffer fHBS. The purity of the final preparation 
was evaluated by assaying an aliquot by SDS-PAGE. Protein bands were detected by 
Coomassie staining. The concentration was determined spectrophotometrically, assuming 
an Aju nm of 1.0 corresponds to an sFV concentration of 0.7 mg/ml. 

Measurement of affinity and binding kinetUs. 

TheKj of sPv were detomined using SPR in a BIAcore. Li a BIAcore 
flow cen, approximately 1400 RU of c-«bB-2 BCD (90 kDa, McCartney et al. (1995) 
Protein Eng. 8: 301-314) were coupled to a CMS senior chip (lahnsson et al. (1991) 
supra.). Association rates were measured under continuous flow of 5 ml/min using 
concentrations ranging from 5.0 x 10* to 8.0 x W M. Sate constant was 
determined ftom a plot of (ta (dR/dt))/t vs concentration (Kailsson ef al. , 1991). 

To verify that differences in were not due to differmces in 
immunoreactivity, the rdative concentrations of ftmctional sFv was determined usmg 
SPR in a BIAcore (Karisson et al. (1993) supra.). Briefly, 4000 RU of c-ert>B-2 ECD 
were coi^led to a CM5 sensor chip and the rate of binding of C6.5 (RU/s) detennined 
under a constant flow of 30 ml/min. Ov«- the concentiation range of 1.0 x 10* M to 1.0 
X 10^ M, the rate of binding was proportional to die log of the sFv concentration. 
Purified sFv were dQuted to the same oonoentxation (1.0 x 10* M and 2.0 xlO*M)as 
determined by Aao. The rate of binding to c-eri>B-2 ECD was measured and used to 
calculate the concentration based on the standard curve constructed from 06.5. 
Dissociation rates w«e measured using a constant flow of 25 /tl/min and a sFv 
concentration of 1.0 x 10* M. 1^ was detennined during the first 2 min of dissociation 
for sFv mutated in Vj. CDR3 (Karisson et al. (1991) supra.) and during the first 15 to 60 
min for clones witiil^ below 5 x 10* s*' (sFv mutated in Vh CDR3 and combined sFv). 
To exclude rebinding, was detennined in the pres^ice and absence of 5.0 x la' M 
c-eibB-2 ECD as described above in Examples 1 and 2. 

Cell surface retention assay. 

The cell sur^ retention of sdected sFv was determined on live SK-OV-3 
cells using a fluorescence activated cell sorter (FACS). Purified sFv were labeled with 
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NHS-LC-Bi tin (Pieice) using the manufactuiers instructions* The concentration of 
inununoieactive biotinylated sFv was calculated using SPR as described above. The 
efficiency f biotinylation was also determined in a BIAcore using a flow cell to which 
5000 RU of strcptavidin was coupled. The total responses after assodation weie 
compared between samples and concentraticnis of sFv were adjusted using the results 
obtained from the BIAcore. For the assay, aliquots of SK-OV-3 cells (L2 x l(f 
c-«rbB-2 positive cdls) were incubated with 14 fig biotinylated sFv in a total volume of 
0.5 ml (1 ;iM sFv) FACS buffer (PBS ccmtainiQg 1% BSA and 0.1% NaNj) for 1 h at 
ST^'C Cells were washed twice with 10 ml FACS buffer (4''C) and resuspended in 12 
ml FACS buffiff and further incubated at ST^'C. Aliquotsof cells (0.5 ml from 12 ml 
containing 5 x lO' cells) were takoi after 5 min, every IS min for the first hour and after 
two hours repeating the wash and resuspension cyde. Wadied cell aliquots were fixed 
with 1% paraformaldehyde, washed twice with FACS buffi^, and incubated for 15 min 
at 4''C with a 1:800 dilution of phycoerythrine-labeled strq>tavidin (Pierce). 
Fluorescence was measured by FACS and die percent retained fluorescence on the cell 
surface plotted versus the time points. Single-chain Fv used for the cell sarhce retention 
assay were C6.5 (I^ = 1.6 x 10* M), C6ML3-9 (Kj « 1.0 x ia» M), C6MH3-B1 (Kj 
= 1.2 X la" M), and the anti-digoxin sFv 26-10 (Huston ef al. (1988) Proc. Natl Acad. 
ScL USA, 85: 5879-83) as negative control. 

High resolution fimcdonal scan ofC6.S CDK3. 

A high resolution functional scan of the C6.5 Vh CDR3 was performed by 
individually mutating residues 95-99, lOOa-lOOd, and 100g-lQ2 to alanine. The pair of 
cysteine residues (100 and lOOe) were simultaneously mutated to serine. Residue lOOf 
(alanine) was not studied. Mutations were introduced by oligonucleotide directed 
mutagenesis using the method of Kunkel et al. (1987) Meih. EnzymoL. 154: 367-82. 

Insertion of the correct mutation was verified by DNA sequencing, and 
sFv was expressed (De Bellis et al (1990) supra.; BreiOing et al. (1991) supra.) and 
purified by IMAC (Hochuli ei al. (1988) supra.). Affinities were determined by SPR as 
described above and compared to C6.5 sFv. 

Modeling of location ofmmations. 



mSTmJTSSH^(RUL£26) 
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The location of mutatioiis in mutated sFv was modeled on tfie structure of 
the Fab KOL (Marquart et al. (1980) /. Mol BioL, 141: 369-391) using the program O 
(Jones et al. (1991). Acta Cryst., A47: 110-119) on a Silicon Grs^cs workstation. 

2L£fiSiitts 

1) Mutation of « Fv 

Library construction and selection. 

As explained above, 9 amino acdds in CDR3 were partially randomized 
by synthesiaqg a ''doped" oligonucleotide in which Oie wild-type nucleotide occurred 
with a ftequency of 49%. After transformation, a library of 1.0 x 10^ clones was 
obtained. The mutant phage antibody library was designated C6VLCDR3. 

Polymerase chain reaction (PGR) scre^g revealed tiiat 100% of dones 
analjrzed had full length insert and diver^ was confirmed by sequencing the CDR3 
of ten clones from the unsdected library. Prior to selection, 5/92 clones selected at 
random eqiressed sFv which bound c-erbB-2 ECD by enzyme linked immunosorbent 
assay (ELISA). 

The C6VLCDR3 library was subjected to four rounds of selection using 
decreasing ccmcentrations of biotinylated&«rbB-2 ECD. A relatively high antigm 
concentration (4.0 x 10^ M) was used for the first round to c^mxre rare or poorly 
expressed phage antibodies. The concentration was decreased 40 fold for tiie second 
round (1.0 x 10^ M), and decreased a further teaoMA each of the subsequent two rounds 
(1.0 X 10-*® M, 3rd round; 1.0 x 10"" M, 4di round). After each round of selection, tiie 
concentration of binding phage in the jxilydonal phage preparation was determined by 
measuring tiie rate of binding of polydonal phage to c-erbB-2 ECD under mass transport 
limited conditions usmg surfece plasmon resonance (SPR) in a BIAcore. TTie results 
were used to guide tiie antigen concentration for flie subsequent round of sdecfion. After 
bofli the tiiird and fourth rounds of selection, 92/92 clones bound c-erbB-2 ECD by 
ELISA. 

Characterization of mutant sFv. 

To identify sFv witii a lower Kj tiian wild-^ sFv, iqjparrat was 
determined by SPR in a BIAcore on unpurified native sFv in bacterial periplasm. 
Twenty-four sFv from tiie fliird and fourth rounds of sdection were ranked by After 
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the third round of selection, 80% f sPv had a lower k.^ than wt and after four rounds, 
100% f sFv had a lower than wild-type sFv. The twelve sPv with the lowest 
from each of these rounds of selection were sequenced and each unique sFv gene was 
subdoned for purification. Single-chain Pv were purified by immobilized metal affinity 
chromatogr^y (IMAC), followed by gd filtration to remove any dimcric or aggregated 
sFv. 

Tlie k.., and k«irwere determined by BIAcote, and the calculated. 

After the diiid round of selection, seven unique sFv were identified, all with higher 

afBnity than wild-type sFv. Single^hain Fv had on average 1,8 amino add 

substitutions/sFv, with a single substitution at residue 92 the most frequently observed 

mutation. Ibese ^gle amino add substitutions would have occurred with a frequency 

of 1/12,000 in die original library, assuming equal nucleotide coupling effidency. The 

average sFvaffimty was 3.6 X 10* M (4.4 fold increase), with die highest affinity 2.6 x 
10^ M (sixfold increase). 

After four rounds of sdection, six sFv were identified, and none of tiiese 
sequences were obsffved in die sFv sequenced from tfie tfiird round. Single-chain Fv 
from die fourfli round had on average 2.9 amino add substitutions/sPv, witii expected 
frequendes of between 1/590,000 and 1/24,000,000 in die original library. The average 
sFv afBnity after die fourdi round was 1.9 x 10* M (8.4 fold increase), widi die highest 
affinity 1.0 X 10* M (16 fold increase); The r^ts demonstrate die effidency of die 
sdection technique for isolating very rare high afifimtydoncs from a lib^^ Additional 
high affinity sPv (Table 14; C6ML3-14,^-15, -19, -23, and -29) were isolated from die 
C6VLCDR3 hl)raiy by using a different dution solution after c^rturc of antigen bound 
phage. 

Location of mutations in higher (ffinity sFv. 

Significant sequrace variability (six different amino adds) was obswved at 
residues 93, and 94, widi less variability (diree difiGerent amino acids) at residues 95 and 
95a. Thus a subset of die randomized residues qjpear to be more important in 
modulating afBnity. All but one of tiiese four residues (V,L95) a^ipear to have solvent 
accessible side chains in die C6.5 modd. Three of die residues randomized (A89, W91, 
and G96) were 100% conserved in all mutants sequenced. Two additional residues 
(A90S and D92E) showed only a single conservative substitution. These cons^ed 



wo 97/00271 PCTAJS96/10287 

85 

residues spptax to have a stnictutai role in the variable domain^ either in maintaining the 
main chain oonfonnation f the loop, or in packing n the domain. Residues A89, 
W91, and D92 are idratical in both C6.S and KOL, with conservative substitutions A90S 
and G96A observed at the other two positions in KOL, consistent with a structural role. 
i In the modd of C6.S indicated by this invention, G95b is in a turn and 

A89, A90, and W91 pack against the Vh domain at the Vh-Vi^ interface. Hydrogen 
bonds between Yfi9Z and V,S27a and ViN27b bridge 13 and LI to stabilize the 13 and 
LI conformations. 

m 2\ Mutation of C6MI3-9 slV CDR3 

Ubrary construction and selection. 

To further increase die affinity of C6.S, we chose to mutate the Vh CDR3 
of the highest affinity sPv (C6ML3^, K< = LO x 10^ M) isolated from the CSVLCDR3 
library, radier than mutate C6.S Vh CDS3 indqiendently and combine mutants. This 
IS, sequential approach was takra since the kinetic effects of indqwndently isolated andbody 

fragment mutations are frequently not additive (Yang er aL (1995) J. Mol mol, 254: 
392-403). 

Due to the loigth of the C6.5 Vh CDR3 (20 amino adds), a high 
resolution functional scan was performed on C6.5 sFv in an attempt to reduce the 

2fl number of amino adds subjected to mutation. Residues 95-99, 100a*100d, and lOOg-102 
were separatdy mutated to alanine, and the of die mutated sFv determined. Residue 
lOOf (alanine) was not studied. Residues 100 and lOOe are a pair of cysteines separated 
by four amino adds. A homologous sequence in KOL (Marquardt ef a/. (1980) supra.) 
results in a disulfide bond between the two cystdnes and a four residue nuniloop. 

2S Therefore the two cysteines were ^ultaneously mutated to serine* 

Results of the alanine scan are shown in Table 13. No detectable binding 
to c-«bB-2 ECD could be measured by BIAcore for C6.5H95A, C6.5W100hA, and 
C6.5E10qiA. Three additional alanine mutants ((j98A, YlOOkA, and FIOOIA) yidded 
sFv widi 20 fold to 100 fold higher than wt sFv. Substitution of the two cysteines by 

2C alanine (100, lOOe) yidded an sFv widi an 17.5 fold higher K^, and a much foster 

(1.38 X 10"^ s"^) than wt C6.5. The remainder of the alanine substitutions yielded only 
minor (0.5 to 3.7 fold) increases or decreases in Ka- 
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Based cm the results of the alanine scan and a model of C6.S based n the Fab 
KOL (Marquaidt et al., 1980), residues H95A, ClOO, and ClOOe were not mutated due 
to Adr probability of having an important structural role. W5 is likely to be buried at 
the V^-Vl interface where it makes critical packing contacts wifli the domain. The 
two cystdne residues also are likely to have a structural role in maintaining the miniloop 
conformation. WlOOh was also not mutated given the unique features of tryptophan in 
antibody combining sites (Mian et al. (1991) /. MoL Biol, 217: 133-151). 

Hie remaining 16 amino adds were oompletdy randomized four revues 
at a time in four separate C6VHCDR3 libraries (96-99, library A; lOOa-lOOd, Uhrary B; 
lOQf, lOOg, lOCK, and lOOj, library C, and lOOk-102, library D; see T^le 14). After 
transformation, libraries were obtained with sizes 1.7 x 10^ (library A), 1.3 x 10^ 
(library B), 3.0 x 10* (library C), and 2.4 x 10^ (library D). Hie mutant phage antibody 
libraries were designated C6VHCDR3 libraries A, B, C, and D. PC» screening and 
DNA sequencing 
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Table 13. Biiuling kinetics f C6.S Vh CDR3 mutants obtained by high resolution 
functional scan. Amino add residues 95-99, lOOa-lOOd, and 10Qg-lQ2 of C6.5 Vh 
CDR3 were mutated to alanine using site directed mutagenesis. Cysteine residues, ClOO 
and ClOOe, were simultaneously mutated to serine. and were measured by SPR 
in a BIAcore, and the calculated. Numbering is according to Kabat er al, (1987). 
NB^no binding. 
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revealed that 100% of clones from all four libraries had full length insert and that the 
sequMces were diverse (results not shown). Prior to selection, the percent of clones 
eicpressing sFv which bound c-erbB-2 ECD by ELBA was 1% for C6VHCDR3 library 
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A, 5796, libraiy B, 2% libraiy C, and 3% libraiy D. The C6VHCDR3 Ubiaries A, B, 
C, and D woe selected on biotinylaled c-eibB-2 BCD as described above, but using 
lower antigeD concaiti^iQn. llie first round of selecti n was performed using 5.0 x lO* 
M o-«bB-2 BCD, tenfold lower than for the first round of selection of the C6VLCDR3 
library. Ibis concentration was chosen because the parental sFv for diese libraries 
(C6ML3-9) had a greater than tenfold lower than Ae parental done for the 
C6VLCDR3 libraiy (C6.5), Biotinylated c-eibB-2 BCD concentration was then 
decreased 100 fold for die second round of sdection (5.0 x lO"" M) and tenfold for the 
third and fouifli rounds (5.0 x ia» M and 5.0 x 10-" M). As for the C6VLCDR3 
Ifljiaiy , the rate of binding of polyclonal phage was measured in a BIAcore to determine 
the antigen cmcentration used for the subsequent round of selection as discussed bdow. 

Qumtaertzation qf mutant sFv. 

After four rounds of sdection, positive Clones were identified ELISA 
and at least 24 sFv from die fourth round of selection wee ranked by ^ using SPR in a 

BIAcore. The ten sPv with the lowest from C6VHCDR3 libraries A^ C, and D were 
sequenced. 



Table 14. Sequences, affinities and binding Idnedcs of sFv isolated from heavy diain 
CDR3 bT)iaries A, B, C, and D. and were determined in a BIAcore using 
pimfied sFv, and calculated. Dashes indicate sequence identity. Mutations arising 
fiom PCR error and located outade VH CDR3 are listed undw the heading "otha 
mutations". F-ftequency of isolated sFv. * determined ftom unpuiified sFv 
samples. Underline indicates mutated residue. 
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C6MH3-B15 
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7.2 X 10"»' 


2.9 X KT* 


C6KH3-B2 


HDVCYCTDPRCAKWPBYTQH 




3.x X 10* 


3.1 X 10-* 


C6HH3-B39 


HDVQYCTDPTCAKWPgYyOH 




3.2 X 10-» 


1.9 X 10-* 


C6MB3«-B25 


HDVGYCLTTRCAKWPBYyOH 




3.6 X icr» 


1.9 X 10-^ 








7.3 X 10"*** 


2.4 X 10^ 








8.7 X lO"*** 


1*6 X 10^ 








^ • A A AW 




06X83-847 


HDVGYCxBBa^CAKWFSYFuin 




1*1 X lU 


p. 75 X 10 


C6KH3-B4B 


HDVGYCTDPSTCMCWPEYFOB 




2.3 X 10r» 


1.3 X icr* 


C6MB3-B5 


HDVCYCTDRTTCftKWPEYFQH 




3.4 X ia>« 


2.3 X 10^ 


C6MH3-B41 


HDVOYC^QETCftKHPEYPQiB 




5.3 X 10"" 


2.7 X 10^ 


C6MR3-B2 


HDVGYCTDPI^CAKHFEYFaH 




5.8 X ia» 


3.2 X 10-* 


CoMH3— B27 


HDVGYCKNSRTCAKwPaxFvH 




4.7 X 10"* 


4.0 X 10*^ 


C6HH3*B34 


HDVGYQQD^TCilKITPEYFQH 


VL QIR 


HD 


HD 


CoNH3— B43 


EDVGYGS12XXTCAKHPBYFQH 




HD 


ND 


C6KB3-B46 


HDVGYCTTPRTCAKWPgYTOH 


VH 1C23Q 
VH V76G 


ND 


ND 


C6MH3-B33 


HDVGYCSDOCTCftKWPgYPQH 




HD 


ND 


C6MB3-B31 


BDVGYCDDYTTCAKHPBYFOH 


VL P7L 


HD 


ND 


VH CDR3 library Ct 


C6HL3-9 
<wt) 


-■*-AKWPE~-*- 




10.0 X 10""* 


7.6 X 10-» 


C6HH3-C4 


HDVOYCSSSNCA^TRPSYTQH 




3.7 X 10-» 


2.0 X 10-* 


C6KB3-C3 


HDVGYCSSSNCAKWPEYPQH 


VH G15B 
VL N54D 


6.5 X 10"" 


3.2 X 10-* 


VH CDR3 library Dt 


C6HL3-9 
(wt) 


HDVGYCSSSNC2VKWP£XlSm 




10.0 X lO*" 


7.6 X 10-* 


C6MH3-02 


HDVOYCSSSNGAKWPBiZIiS^ 




1.6 X lO-'"* 


2.0 X 10^ 


C6MH3-D3 


HDVGYCSSSNCftKWPgWLDN 




2.7 X 10-'* 


2.5 X 10-* 


C6MH3-D6 


HDVGYCSSSNCAKHPBWgYg 




3.5 X 10r« 


1.8 X 10-* 


C6HH3-D5 


HDVGYCSSSWCRKWPEWHOM 




3.8 X 10^«» 


2.1 X lO* 
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C6KH3-D1 


HDVGyCSSSNCAlCWPEin«Hy 




3.1 X lO-*** 


1-1 X 10-* 


C6MH3<-D7 


HDVGYCSSSNCAKWPEIQQB 




ND 


3.1 X 10^ 



Due to the diversity of isolated sFv in C6VHCDR3 library B, 48 sFv were ranked by 
using SPR. and 22 dones with the lowest were sequenced. Single-chain Fv were 
purified by IMAC» followed by gel filtration to ronove any dimeric or aggregated sPv. 
The ICq., and k^v^m determined by BIAcore and the calculated. 

Very different results were obtained fiom the four libraries with respect to 
the number of highw afSnify sFv isolated, and the value of the highest afiBnity sFv. The 
best results were obtained fiom library B (Table 14). Fifteen sFv w«e isolated with a 
lowd- than wt C6ML3-9 and no wt sequences were obs^ed (Table 14). The best 
sPv (C6MH3-B47) had a = LI x lO"" M, ninefold lower than C6ML3-9 and 145 
fold lower than C6.5. The of this sFv was 7.5 x 10^ s\ tenfold lower than 
C6ML3-9 and 84 fold lower than C6.5. While a wide range of sequences was observed 
(Table 14, library B), a subset of sFv had the omsensus sequence TDRT (first eight sFv, 
Table 14). The consensus sequence is identical wifli die sequence of C6MH3-B1, which 
is the sFv with the lowest korr (6.0 X lO"* s *). 

Five sPv w«e isolated that had a k^ 2.5 to 3.75 fold lower than 
C6ML3-9, however expression levels were too low to dbtsm adequate purified sFv for 
measurement of the Krf (last five sequraoes, Table 14, library B). The n«t best results 
were obtained from library D (Table 14). Five higher affinity sFv were isolated, with 
the best having a Ka sevaifold higher tfaaii wt C6ML3-9. An additional sFv was isolated 
that had a k^ lower than wt sFv, however the expression level was too low to obtain 
adequate purified sFv for measurKnent of the (last sequence, Tsble 14, library D). 
Thtte was sdection for a consmsus mutation of YlOOkW and replacement of FlOOl with 
hydrophobic methiomne or leucine. No higher affinity sFv were isolated fiom eithw* the 
A or C Ubraries, From library A, 8/10 sFv were wild-type, with one higher affinity 
sFv, a contaminant from library B. A single mutant sFv with the conservative 
rqilaccmmt of Y99F had an ^jparent k^ 2.5 times lower than wt, but expression levels 
were too low to obtain adequate purified sFv to measure the K^. From library C, 8/10 
sFv were wt sFv, with one higher affinity sFv having mutations located in the Vh and Vl 
gtties, but not in Ae region intentionally mutated. The isolated mutant sFv KlOOtgV had 
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a K4 2.7 fold lower than wt (k^ 3.8 fold lower than C6ML3-9), corrdatiiig with the data 
of the alanine scan, in which KlOOgA was the only sFv with decreased 

AbiUty qfahmifie seaming to identify residues MM:h modulated iffimty. 

Residue ElOOj, the only residue that when converted to alanine had no 
detectable binding, was 100% conserved. Otherwise, thoe was no correlation between 
the frequency with which the wt amino add was recovered and the extent to which 
binding was reduced by substitution to alanine. Similady, there was no correlation 
between residues shown to modulate affinity by alanine scanning and mutations adhibiting 
improved binding. This is clear when conqtaring the results obtained from library B 
(where no alanine mutant had more dian a 2.9 fold inoease in K^) and library D (where 
was marioedly increased for two alanine mutants, YlOOkA. and FIOOIA). Despite the 
different alanine scan results, both libraries yklded similar nine and sev»fold increases 
in affinity. This result q^pears to be different than the results of Lowman et at. (1993) 
J. Mol mpl, 234: 564-578, who found a mild (R^^O.Tl) positive correlation between 
the frequency with which the wt amino add was recovmd from a phage library of 
human growth hormone mutants and the extent to which binding was reduced by alanine 
scanning. In addition, their largest improvements in affinity were for those residues 
shown by alanine scanning to significantly affect binding. 

The reason for the differoit results is unclear, however in two of the Vh 
CDR3 libraries where alanine scanning indicated a significant effect on binding (libraries 
A and C), expression levels of mutants were g^ierally low. This could have affected ttie 
selection results. 

3) Correlation between affhJtv and cell snrfiic e retention of <TV. 

The retention of biotinylated C6.5, C6ML3-9, and C6MH3-B1 sFv on the 
surface of SK-OV-3 cefls expressing c*^B-2 was determined, both to verify the 
observed diffierences in k^, and to confirm that the antigen as presented in the BIAcore 
had biologic significance. The half life (tiyj) of the siFv on the cell surface was much less 
than 5 min for C6.5, 11 min for C6ML3-9, and 102 min for C6MH3*B1. These values 
agree closely with the calculated from the as determined by SPR in a BIAcore 
(1.6 min fox C6,5, 13 min for C6ML3-9, and 135 min for C6MH3-B1). The 
anti-digoxin sFv 26-10 (Huston et al. (1988) supra,) was used as n^ative control, and 
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no binding to oeAB-l BCD in a BIAcore or to c-crt)R-2 on SK-OV-3 cdls was 
observed. 



Example 4 
Ehitlon of Antlbftdie^ 

As higher affini^ phage antibodies are generated, it becomes more 
difScult to dute them from c-erbB-2. Selection of the highest affinity mutants is 
e nh a n ced when dution conditions are optimized. To determine optimal dution 
conditions, die C6.5 VI CDR3 mutant Ubrary was selected on c-ed)B-2, and a numbw of 
different dution conditions studied (infecting directly off of magnetic beads, 10 mM 
HO, 50 mM HQ, lOOmMHa, 2.6 M MgO,, 4 M MgQj, 100 mM TDA, and with 1 
/iM c-erbB-2). The greatest percentage of clones with a slower than C6.5 was 
obtained when duting with 50 mM HQ, 100 mM HO, or 4 M MgCla. Evenafterthe 
duted dones screened by BIAcore to identify those widi the slowest the 
highest aflBnity clones lesutted ftom dutions perfonMd with 100 mM HQ as shown in 
Table 15 (in this expoiment 4 mM MgQz was not examined). 

These results corrdated with the amount of phage antibody library that 
remained bound in the BIAcore after using one of the different dution conditions. For 
the Vh CDR3 dutiras phage were duted sequentiaUy with 4 mM MgC^ and 100 mM 
HCI. As affinity increases further more stringent dution conditions may be required. 
Tliis can be det&mined by analyzing phage libraries in the BIAcore. 



Table 15. Results of C6.5 L3 randomization 4th round off-rate selection and dution. 
Underiines indicate mutated amino adds. 



Clonee 


F 


CDR3 Seguenctt 


K m 


Km (»■•) 


C6.5 




AAWDDSLSGHV 


1.6 X lO* 


6.3 X 10-* 


Elutlon with 100 


mH HClt 




C6ML3-5 


4 


AAWDISLSOHV 


3.7 X 10-* 


6.3 X 10^ 


C6ML3-9 




AgWDYILSCWV 


1.0 X lO* 


1.9 X 10-* 


C6HL3-14 


2 


AAWDDPLWGWV 


1.1 X 10» 


7.6 X 10^ 


C6ML3-15 




AAWDBELWOWV 


2.2 X lO* 


7.7 X 10-» 


EXution with 2.6 ] 




C6ML3-5 


2 


AANDISLSGWV 


3.7 X 10"» 


1-9 X 10-' 


C6ML3-7 


2 


AAWDYAVSGWV 


2.6 X lO-^ 


1.7 X 10*> 
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C6KL3-12 




AAWDXSBSGWV 


1.6 X 10^ 


7.2 X 10^ 


C6KL3-16 


2 




5.0 X 10^ 


1.7 X 10^ 


C6M13-15 




AAWDRPLWGWV 


2.2 X 10^ 


1.3 X 10-» 


Blution with 100 UM tlreth^ 


diamines 


C6KL3-5 


3 


AAWD£SLS6HV 


3.7 X 10* 


1.9 X 10^ 


C6ML3-12 


2 


AAWDXSESGW 


1.6 X 10* 


7.2 X 10-« 


CfiHL3-18 




ASHDASLIfOWV 


2.4 X 10* 


6.2 X lO-* 


C6ML3-19 




ASWDBSLHGHV 


1.5 X 10* 


1.0 X 10^ 


C6HL3-20 






3.0 X 10* 


1.4 X 10^ 


Elution with 10 mM HCls 


C6ML3-5 




AAWDXSLSOWV 


3.7 X 10* 


1.9 X 10^ 


C6KL3-7 




AAWDYAVSGWV 


2.6 X 10* 


1.7 X lO-* 


C6KL3-21 




AAHDXSfiSQWV 


4.5 X 10* 


2.2 X 10^ 


C6ML3-22 




MWDASLSGWV 


8.3 X 10* 


3.6 X lO' 


C6HL3-23 




ASWDISLHOWV 


1.5 X 10* 


1.0 X 10^ 


C6KL3-24 




AAWDEOIPGWV 


12.4 X 10* 


7.9 X 10-* 


C6HL3-25 




AAWDNRHSCWV 


7.4 X 10* 


4.4 X 10* 


C6HL3-26 




AAWDDSRSCWV 


8.3 X 10* 


5.0 X 10* 


Elution with 50 OM HCls 


C6KL3-6 




AIWBXSLSGWV 


3.2 X 10* 


1.9 X 10^ 


C6KL3*7 




AAWDYAVSQWV 


2.6 X 10* 


1.7 X 10* 


C6KL3-12 




AAHDXSRSGHV 


1.6 X 10* 


7.2 X 10^ 


C6HL3-17 




A5WDYYRSCWV 


5.0 X 10* 


1.7 X 10* 


C6HL3-27 




XAWDXStSOWV 


no expression 




C6KL3-28 






2.5 X 10* 


1.7 X 10-» 


C6HL3-29 




AAHDGTLHCWV 


1.7 X 10* 


2.2 X 10* 


Elation with 1 c-erbB-2 BCD for 30 minutes 


C6HL3-5 


5 


AAHDXSL5GWV 


3.7 X 10* 


1.9 X 10* 


C6ML3-17 




AAWDXALSGWV 


no expression 




C6KL3-30 


3 




no expression 





For example, in a second «p^mCTt» polyclonal phage were pirepaied 
after three rounds of sdecdon of the C6VLCDR3 library and studied using SPR in a 
BIAcore. After an initial bulk re&active index change, binding of phage to immobilized 
c-crbB-2 BCD was observed, resulting in an average of 189 RU bound. Phage were 
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then allowed to either spontaneously dissociate from c-crbB-2 ECD using hepes buffered 
saline (HBS) as running bufGer, or wee eluted with cither 100 mM HCl, 50 mM HCl, 
10 mM HQ, 2.6 M MgO,, or 100 mM TEA. 

Major differences were observed betwem duents in thdr ability to remove 
bound phage. The most effective solutions in removing bound phage antibodies were 
100 mM HQ and 50 mM HQ, foUowed by 100 mM TEA. 2.6 M MgQi (which 
removes 100» of wild Qpe C6.5) and 10 mM HQ ware only minimally more effective 
dian die running buffer in runoving bound phage. 

Ihese results demonstrate the important effect of duent choice on the 
afSnities of selected antibodies, even when using limiting antigen concentration and 
BIAcore screening to identify ttie highest affinity sFv. Two previously described dution 
ii^imens were found to be the least effective for selecting higher affinity antibodies; 
infecting without dution by adding magnetic beads with antigen-bound phage directly to 
E. a?« cultures (Figinier at (1»4)/. Mol Biol, 239: 68) and competitive dution of 
sFv with soluble antigen (fewldns oiL (1992) J. Mol Biol., 226: 889; Clackson a/. 
(1991) Noiure, 352: 624; Riechmann et al. (1993) Biochemistry, 32: 8848). 

When duting by incubating phage bound to antigm with £1 coli, it is 
bdieved the phage must dissodaleftom antigen for infection to occur. Steric hindrance, 
due to the size of paramagnetic beads, blocks the attachment of pIH on antigen bound 
phage to the f-pilus on £ cofi. This would result in preferential sdection of sFv with 
rapid ICoff, consistent with the present results. Since a reduction in is the major 
mechanism for decreases in Ka, this results in the selection of lower affinity sFv. 

Huting with soluble antigen has a sunilar ^ect on the kinetics of sdected 
sFv. The phage must first dissociate from immobilized antigen, then rebinding is 
blockedbybindingoftiie phage to soluble antigen. Phage antibodies witfi die lowest k^ff 
will remain bound to immcAilized antigen and therefore are not available for infection of 
R cott. 

The optimal type of duent (acidic, basic, chaotropic) and concentration 
required will depend on tile phage antibody affinity (Lewis 6r a/. (1985)/. Steroid. 
Biochem. 22: 387; Parini et al. (1995) Analyst, 120: 1153) and flie type of bonds tiiat 
need to be intern^. This wiU vary considKably betweoi libraries, depending on tiie 
nature of the antigen-antibody interaction. 
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In this example, significantly higher afBnity sFv were obtained luting 
with HQ, pH 1.3 compared to HCI, pH 2.0. In fitct, the affinities of sFv isolated after 
dution with HQ, pH 2.0 were no different than results obtained without eluting. 
Similarly, 2.6 M iAgCli was studied because it was previously determined (see above) 
i that it would remove 100% of bound wild type C6.S. This concentration of MgOj* 
however, was ineffective in duting C6.S Vi, CDR3 mutants. Eluting with higher 
concentrations of MgClj would have resulted in the selection of higher affinity sFv. For 
esxjamplc, 3 M MgCl^ was required to elute 100% of C6L1 aiPv (k;^ = 2.5 x 10^ M) 
from a c-erbB-2 BCD BIAcore sensor chip and 4 M lAg/di was required to elute 100% 

Ifl of CfiML3-9 (K^ = 1.0 X 10* M). 

A convenient way to predict the optimal eluent is to analyze polyclonal 
phage in a BIAcore. The results can then be used to design elution conditions to achieve 
optimal enrichment for high affinity clones. One q^roach is to dute sequentially, using 
a less stringent duent to remove low afiinity binders, followed by a moie stringent duent 

2£ to remove high affinity binders. Thus Ae BIAcore information is used to sdect 

'washing' reagents whidi remove low affinity phage antibodies more effectivdy than 
PBS. This will reduce the number of selection rounds and amount of screening required 
to sdect and identify the highest affinity binders. 

TMs strategy is also be useful to isolate antibodies to low density antigens 

2fi on intact odls or tissue. A mild duent could be used to remove low affinity phage 

antibodies, which are preferentially selected due to high d^isity antigen presmt on the 
cdl sur&ce, as well as non-specifically bound phage. Phage spedfic for lower density 
antigens would thai be removed using a more stringent solution. 

An altemative to duting with stringent solutions is to use antigen 

2i biotinylated with NBS-SS-Biotin (Pierce) (Griffiths et al. (1994) EMBO 13: 3245). 
All of the boimd phage can be rdeased from the magnetic beads by reducing the 
disulfide bond between antigen and biotin. One advantage of this approach is that dution 
of all phage is guaranteed. Use of NHS-SS-Biotin could be combined with use of a 
milder duent for washing (determined by BIAcore analyds) to increase enrichment for 

26. higher affinity phage antibodies. 

The present e^)eriments suggest, however, that use of stringent duwits 
that are chemically different (addic, basic, or chaotrqpic) results in the selection of sFv 
of equally high affinity, but of different sequ^ce. Isolation of sFv of diffi^t 
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sequences has a number of advantages. Single amino add changes can affect expression 
levels in E. coB dramatically. For example, expression level f C6ML3-S (100 figfL) 
was 100 times less dum for wild type C6.5 (10 mg/L). Furthennore, different sFv might 
have different physicochemical characteristics (dimerizadon, stability, or 
immunoreactivity) or even different effects in vivo (specificity, biodistribudon, or 
clearance). Thus parallel selections' using different stringent eluents should result in a 
greater numb^ of high affinity binders dian use of a single duent 

EicaiiipIeS 

Production of Antihnt^imt rnmhinlng r6MH3-Bl or C6MH3-B47 with D TJhrary 

(YFOP) Mrtfttioos 

I. Methods. 

Consiruction ofsFv combining higher (ffiitity and genes. 

The Vl CDR3 gene sequences of the two highest afSnity sFv isolated from 
die C6VLCDR3 library (C6ML3-9 or C6ML3-12) were combined with the highest 
affinity sFv previously obtained from light chain shuffling (CfiLl, - 2.5 x 10* M). 
The C6L1 plasmid (10 ng/fd) was used as a tenqdate for PGR anqdification using 
primOT LMB3 and either PML3-9 or PML3-12 (Table 18). The gel purified PGR 
fi:agments were reamplified using primers LMB3 and Hull 2-3ForNot (Kfarks et al. 
(1991) sijpra.) to introduce a Nott restriction site at die 3*-«id of die sFv. Hie gel 
purified PGR fragments were digested widi Ncol and NotI and ligated into pUC119 
Sfi-Notmycffis digested widi Ncol and Notl. The resulting sFv were designated C6-9L1 
and C6-12L1. TTie gaies of C6-9L1 and C6-12L1 were combined witii the Vh genes 
of die two highest affinity sFv ffom die C6VHCDR3 libraries (C6MH3-B1 and 
C6MH3-B47). The rearranged Vh genes of C6MH3-B1 and -B47 were amplified by 
PGR using die prima LMB3 and PC6VH1FOR, digested widi Ncol and Xhol (located in 
FR4 of the heavy chain) and ligated into C6-9L1 or C6-12L1 digested widi Ncol and 
Xhol to create C6-B1L1 and C6-B47L1. The heavy chain of C6MH3-B1 or 
C6MH3-B47 was amplified by PGR using LMB3 and one of die TCD primer (PCDl , 
PGD2, PGD3, POM, or PGD6; Tiible 18) to construa combinations of sFv from die 
G6VHGDR3B and D libraries. The purified PGR fiagments were spliced widi die Vl 
fragment of C6ML3-9 (VHD2) diat was used to create die G6VHGDR3D library exacdy 
as described above. The full lengdi sFv gene was digested widi Ncol and NoQ and 
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ligated into pUC119 Sfi-Notmycms. Clones were tmned C6-B1D1, -B1D2, -B1D3, 
-BIDS, -B1D6, -B47D1, -B47D2, -B47D3, -B47D5, and -B47D6. Colonies were 
screened for the presence of the correct insert by PCR fingerprinting and confirmed by 
DNA sequencing. Single-chain Fv were expressed, purified, and affinities determined by 
i SPR, as described above. 

^gasas on binding kinetics by combining mutations frtm high qffinity sFv. 

As described above, to further increase affinity, the sequences of the two 

ifi highest affinity sFv obtained from the VH CDR3B library (C6MH3-B1 or C6MH3-B47) 

were combined with the sequences of sFv isolated from the C6VHCDR3D library 
(C6MH3-D1, -D2, -D3, -D5, or -D6). An increase in affinity fcom wild-type was 
obtained for all these combinations, yielding an sFv (C6-B1D3) that had a 1230 fold 
lower than wt C6.5 (T^le 16). The extent of additivity varied considerably, 

if however, and could not be predicted from the parmtal k., k«fr« or K^. Li some 
combinations, coopmtivity was observed, with a negative AAGf. Additional 
combinations were made betwera a previously described light chain shuffied C6.S mutant 
(C6L1, sixfold decreased K4) and one of two Vj, CDR3 mutants (C6ML3-9 and 
C6ML3-12). These combinations yielded sFv wiA 49 and 84 fold improved affinity 

20 (Table 16). Intiodudng the same rearranged Vl gene into the highest affinity Vh CDR3 
mutants (C6MH3-B1 or C6MH3-B47) resulted in decreased affinity compared to 
C6MH3-B1 (Table 5). 

Table 16. Binding kinetics of sFv derived from C6.5 CDR3 and Vh CDR3 mutants. 

21 Mutants obtained by combining mutations of C6MH3-B1 or C6MH3-B47 with mutations 
from D library clones (Dl, D2, D3, DS, D6). Rate constants and koir woe 
measured by SPR in a BIAcore, and the Kj calculated. 



Clone 


(1<^ M] 


[1^ a-* 


Km 

[10-* r») 


f parent) 
Kd <mut> 


K« <mut> 


AAC, 
(kcaX/mol 

I 


A. Combined mutants t C6ML3-9 OR C6KL3-12 with light chain ehuffled C6L1: 






9.2 ± 
0*20 


3.0 i 
0.40 


3.0 


49 


+ 0.42 




1.9 


6^7 i 
0.12 


1.3 i ■ 
0.32 


b:4 ■ 


84 


- 0.18 


B. Combined mutants: { 
C6U1 


b&^3-&i 6k 


C6KH3-B47 with lighi chain 8hu£ 


tied 




b.3 


3.8 i 
0.19 


2.4 i 
0.01 


0.19 


25 


+ 0,43 




6.0 


3.0 i "■ 
0.16 


1.0 ± 
0.01 


0.18 


27 — 


^ 0.45 
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C» Combine 


d mutants s 


C6MH3-B1 OR C6I1H3-B47 with D ILht^^ry «.,«.«««-. 






0.31 


U.IS X 
0.005 


J . o 




- U.tli. 






6.9 i 

0.42 


O.TUT — 
0.014 


O . V 


i.Qe7 


- 0.07 






6.4 i 
0.20 


— U.OB i 
0.002 


7 . ^ 




- U.53 






' 5.1 i 

0.36 


— 0.18 i — 
0.001 


^.4 


457 


- a.40 






4:r'T — 

0.17 


— 0.13 i — 
0.002 


•3*0 




- 0.16 






7;ri — 

0.95 


' '0:4B A 
0.001 


1.6 




- O.li 






9.8 1 
0.72 


0.43-T— 
0.001 


2.5 


3B4 


* 0.62— 


e^-B47D3 


— ms — 


0.26 


0.32 i 
0.001 


2.3 


333 


■ + 0.29 ■■ 




— orra — 


^•2 ± 
0.31 


0.39 IE— 
0.002 


1.7 


254 '- 


■ - 0.01 ■ 




0.51'— 


5.9 f 

0.30 


0.30 i 
0.001 


2.3 


314 


+ 0.17 









ftroduction of r<i..^Ba«^ ™"^f^ifffi. 
To iotpiDve tumor retention sFv dimm (sFv*), woe created as described 
above by introdudng a free cysteine at the C-terminus of the sFv. ITie dimer bad a 40 
fold improved affinity compared to the monomer (K^ = 4.0 x lO"" M). However, 
evaluation of the C6.5 (sFv*), in vivo, showed no significandy improved tumor retention 

at24hours. Wthout being bound to a theoiy, it is believed that the disulfide bond is 
being reduced in vivo, yielding monomelic sFv. 

To obtain a stable molecule for evaluation in nvo, a C6.5 diabody (also a 
(sFv)i) was produced without introducing a cysteine and crosslinking. Instead, the 
diabody was produced as described in Holliger et aL. Proc. Nad. Acad. Sd. USA.. 90: 
6444^8 (1993) (see also WO 94/13804). To produce the C6.5 diabody, the pq>tide 
linker sequence between the Vh and domains was shortened from 15 amino adds to 5 
amino adds. This was done at the genetic levd. Synthetic oKgonudeotides encodii* the 
5 amino add linker ((3«S) were used to PGR amplify the C6.5 V„ and Vl genes, which 
were then qjJiced together to create the C6.5 diabody gene. The diabody gene was 
doned into pUC119mycHis, the diabody expressed, and purified by IMAC followed by 
gd filtration as described above. 

nie affinity of the diabody was measured using surface plasmon resonance 
in a BIAcore and found to be 4.2 x M, with a k^ of 3.2 x 10^ s"'. The retention of 
the FTTC labeled diabody on the sui&ce of &«bB-2 expressing cdls was determined by 
FACS. After 180 minutes, 77% was still retained on the ceU surfece. Assuming an 
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ei^xmential decay for binding, this value for cell surface retention correlates with a of 
7 X 10^^ s ^ Tliis is significantly slower than the measured on the BIAcore, and 
suggests (hat c-erbB-2 d^isity is higher on the cdl sur&ce than the density used for the 
BIAcore measurements. 
i The retention of the C6.S diabody in sdd mice bearing subcutaneous 

SK-0V*3 tumors was compared to C6.S. Single chain Fv were radio-iodinated using the 
chloramine-T method, and 25 ^g injected into mice. Values are shown in Table 17 and 
plotted in Figure 4. At 24 hours, tumor retention was 6.48% of the injected dose/gm of 
tumor, compared to 0.98% for C6.S. Tumonblood ratios were 9.7:1 for the diabody 

m and 19.6:1 for Ae C6.S sPv. Significantamounts(1.41%)of the diabody was retained 
at 72 hours. The total area under the curve (AUG) for tumc^blood was 2.3:1. 

Hie ability of the C6.S diabody to be internalized into c*erbB-2 eiqnessing 
cells was compared to C6.5 sFv and higher afBnity C6.5 mutants. Only the diabody was 
internalized, consistent with studies using monoclonal antibodies to c-erbB-2 which show 
that crosslinking of c-erbB-2 results in internalization. This does not occur with all 
anti-c-^B-2 antibodies, but rather is q>itope dependent. Thus C6.S recognizes an 
internalizing qiitope, but internalization only results when the recq)tor is crossliitked by 
the diabody. This opens up the possibility of creating diabody-toxin fusions (since toxins 
must be internalized to be active). It is believed that C6.5 also causes signalling through 

2fi c-erbB-2 via cross-linking of the receptor and activation of the tyrosine kinase activity. 

It has been shown that activation of the ceO through c-erbB-2 signalling increases the 
sensitivity of the cell to conventional canc^ chemotherapeutics. Through activation of 
the kinase, C6.5 is expected to have therapeutic prqp^es v/hen combined with a 
conventional cancer chemodierapeutic. 

2i 

Table 17. Tissue distribution of diabody as a function of time. 



Time 
(Hrs) 




C6.5 


Tumor 
inean±se 


Blood 
mean±se 


Tumor 
mean±se 


Blood 
inean±se 


0.08 




42.08 ± 0.77 




1 


6.93 ±0.39 


21.47 ± 1.67 






4 


10.06 ± 0.63 


6.73 ± 0.29 


0.98 ± 0.08 


0.0S ± 0.01 


24 


6.48 ± 0.77 


0.67 ± 0.05 
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48 


2.42 ± 0.18 


0.11 ± 0.01 






72 


1.41 ± 0.13 


0.06 ± 0 







Table 18. Sequences of pdmers used in the foregoiitg exmpies. Nucleotide mixtures 
used, malar fraction: 1: A (0.7), C, C, and T ^.1); 2: C (0.7). A, O, and T (0.1); 3: 
G (0.7); 4: T (0.7), A, C, and G (0.1); 5: C and G (0.5); 6: C (0.7) and G (0.3); 7: 
C (0.3) and G (0.7); 8: A, C, G, and T (0.25). 



Priaar 




LMBS 




fd-t«q1 


3 unni 1 1 iwiwiAiiiWiv J 


PHEN«lMq 




L{nk««q 




PVKIForl 




PVHSForl 


§ > • TCfiCftCfiCAfiTAATARArAMM^TCTrrTr-X > 
7 1 W»Wi>wU%WU 1 AH 1 AkAUUn*U> ■ V 1 1 k J 


PVMSForl 


7 1 UUUIiWiLAU 1 AH 1 AkA 1 UUUMa 1 tt 1 kUM* J 


PVHiFofZ 




PVHSForZ 




RVHSForZ 


5 ■ -fiACTCATTCT£GACTTGCGCCCGCTCfi0GCeCACTAATAC*Tfif£fifiT0TCaui*3 ■ 




1 5 ■ • A^GCCBTGTArtTTTfiCfiO^CGACATCUCfiTfifie&TATTfie- 3 • 




1 S*>AnCTfiCTCACrBTCTC&AGTGGTeQA-3t 
1 7 RiAtWtmai t^fcVrti 11* 1 IjUAU i mil waA J 


RJHSXho 


7 ■ * AlWhl uui OWAI CTvuAuTuuTIm " 


RJHi/SXho 




PC6VH1For 


C 1 ,eAi5TPATTPTPftf PlPCACAPftCTeArrAftgftTiW-^a 


VL1 


5* •BTCCCTCCGCCBMCACCCA S22531A13S317&27^9921 ^^9«X> at^taat 
MTCAGCCTCAT-r 


VL2 


5' -GACrrCAnCTCGACTTGCCCCCCCACCTACSACCGTCAGCTTCOTCCaC^ 


VHA 


5'-GCI»Mn6GAACTACTGU,5,8,8,5,8,8,5,8,8,5,a,8,ATGTCTCGCACAJUUMTACACGK 


RVHA 


5' -TGaunAGnCCMCTGCGC-r 


VHB 


5'-0TATTCAGGCC«mBCGa,5,8,8,5,8,8,5,8,8,5.8,8,6aWTATCrcAOT 


RVHB 


5* -TGCGCAAACTCCCCTGAATAC-S' 


VHC 


5- -CT06CXCCAATCCTGGAA6U,5,8,8,5,8,8,C»,5,8,8,5,8,8,Bau;TT6G«CTACT6aATATCC-^ 


RVHC 


5' -TACTTCCAGCAn666GCGA6-3* 


VHD 


5' -GACCAeG0TCCCCTBaaxCA,5,8,8,5,8,8,5,8,B,5,8,8,nCA6GCXACTn0^ 


RVHD 


5' -T6G6GCCAGGGCACCCT6CTC-r 


C6h)Bnot 


5' -GATAC6GCACC6GCGCACCT6C6GCCGCATCGTGATGAT6CTGATGTGCGGCACCTA6GACG6TCA6CT 


PML3-9 


5* -CCTAQGACWUGCTTGBTCCCTCXGCCGAACACCCAACCACTCAGGGTGt^ 


PHL3-12 


5* -CaAGGACGGTCAGCnCGTCCaCXGCCGMCACCCAACaCTCCGGCTGTAAT^ 


PCD1 


5* -GAC£GTGACCAGGGTG(XCT6GCCXCAAAC6TQCA6CCATTCA6GCCA 


PC02 


5* -QACGGTQACCAGGGTGCCCTGGCCCCATACGCCCAGCCATTCAGGCCACmCCGC^ 


PCD3 


S* -GACGGTGACXAGGGTGCCCTGGCCCCAGnGTCCAACCATTCAGCCCACTnoCGCA-^ 


PC05 


5* -GACGGTGACCAGGGT6CCCTGGCCCCACATCTGCATCCATTCA6GCCACTnGCGCA-r 


PC06 


5' -QAC&GTGACCAGGGTGCCCTiaSCCCCAGGGGTACATCCATTCAGGCCACTTTGCGCA-S' 



It is understood that the examples and embodiments described herdn are 
for illustrative purposes only and tiiat various modifications or changes in light thereof 
will be suggested to p^sons skilled in the art and are to be included within the spirit and 
purview of this application and scope of the i^ypended claims. AU publications, patents, 
and patent applications dted herein are hereby incorporated by referrace. 
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WHAT IS CLAIMED TS: 

1 . 1. A human antibody that specifically binds to c^eibB-2y said antibody 

2 being a C6 antibody. 

1 2. The antibody of claim 1, wherein said antibody has the variable 

2 heavy (Vh) chain of C6.S. 

1 3. Hie antibody of claim 1, wherdn said antibody has the variable 

2 light (Vh) chain of C6.5. 

1 4. The antibody of claim 1, wherein said antibody is C6.5. 

1 5. The antibody of claim 1, wherein said antibody has the amino add 

2 sequence of C6.5. 

1 6. The antibody of claim 1, wherein said antibody has the amino add 

2 sequence of C6ML3-14. 

1 7. The antibody of claim 1, wherein said antibody has the amino add 

2 sequence of C6LL 

1 8. The antibody of claim 1, wherein said antibody has the amino acid 

2 sequence of C6MH3-B1. 

1 9. Tbeantibody of daim 1, wherein said antibody has the amino add 

2 sequence of C6ML3-9. 



1 10. The antibody of claim 1, wherein said antibody is sdected firom the 

2 group c(msisting of an antibody having a domain with one of the amino add 

3 sequences shown in Table 10, an antibody having a Vh domain with cme of the amino 

4 add sequences shown in T^le 12, an antibody having a CDR3 domain having one of 
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the amino add sequences shown in Tables 4, 15, and 16, and an antibody having a Vh 
CDB3 domain having one of the amino acid sequences shown in Tsbles 13 and 14. 

11. nie antibody f daim 1, wherrin said antibody eiqmssed by any of 
the clones listed in Table 16. 

12. The antibocfy of daim 1, wherein said antibody is an Fab. 

13. The antibody of daim 1, wheian said antibody is an (Fab'),. 

14. The antibody of daim 1, wherein said antibodyCsFv'),. 

15. The antibody of claim 14, wherein said (Sfv'), is a fusion protein 
of two sFv' firagmeots. 

16. The antibody of claim 1, wherein said antibody is C6.5 Fab. 

17. The antibody of claim 1, wherein said antibody is C6.5(Fab% 

18. The antibody of claim 1, wherein said antibody is C6.5(sFv'),. 

19. The antibody of daim 1, wherein said antibody has a ranging 
from about 1 .6 X 10* M to 1 .0 X Ifr" M in SK-BR-3 using a Scatdiard assay or against 
purified c-erbB-2 by surface plasmon resonance in a BIAcore. 

20. The antibody of daim 19, wherein said is about 1.6x10* M. 

21 . A nucleic add encoding a human C6 antibody tiiat spedfically 
binds to o-erbB-2. 

22. The nuddc add of daim 21, wherein said C6 antibody binds to 
SK-BR-3 cdls with aKalesstijan about 1.6xia»as determined using a scatdiard assay. 
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1 23. Hie nucleic acid f claim 21, wherein said nucleic add encodes an 

2 an antibody selected from the group consisting f an antibody having a IVl domain 

3 containing ne of the amino add sequences shown in Table 10, an antibody having a Vh 

4 domain containing one f the amin add sequences shown in Table 12, an antibody 

5 having a CDR3 domain containing one of the amino add sequences ^own in Tables 

6 4, IS, and 16, and an antibody having a Vh CDR3 domain containing one of the amino 

7 add sequences shown in Tables 13 and 14. 

1 24. The nucleic add of claim 21, wherdn said nuddc add encodes the 

2 variable light (Vl) chain of C6.5. 

1 25. The nuddc add of daim 21, wherdn said nucleic add encodes the 

2 variable heavy (Vh) diain of C6.S. 

1 26. Hie nucldc add of daim 21, wherein said nucleic add encodes 

2 C6.5. 

1 27. The nuddc add of daim 21, wherein said nuddc add oicodes the 

2 the amino add of a C6.S antibody and conservative amino add substitutions of said C6.5 

3 antibody. 

1 28. A cell comprising a reconibinant nucleic add that encodes a human 

2 antibody that specifically binds c-crbB-2, wherdn said antibody is a C6 antibody. 

1 29. A chimeric molecule that 29)edfically binds a tumor cdl bearing c- 

2 erbB-2, said chimeric molecule comprising an effector molecule attadied to a human C6 

3 antibody that qpedfically binds c-erfoB-2. 



1 
2 



30. The chimeric molecule of claim 28, wherein said C6 antibody is a 
single chain Fv (sFv). 
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1 31. The chimeric molecule f daim 28, whoein said effector molecule 

2 is selected fiom the group consisting f a cytotoxin, a label, a radionuclide, a drug, a 

3 lq)OSome, a ligand, and an antibody. 

1 32. The chimeric molecule of claim 28, wtodn said effector molecule 

2 is a Pseudomonas exotoxin. 

1 33. The chimeric molecule of daim 28, wherdn said chimeric molecule 

2 is a fusion protein* 

1 34. A method for maldng a C6 antibody, said method coniprising: 

2 i) providing a phage library presenting a C6.S variable heavy (Vh) 

3 chain and a muMplidty of human variable light (Vi) chains; 

4 ii) panning said phage library on c-erbB-2; and 

5 iu) isolating phage that specifically bind said c-erbB-2. 

1 35. The method of daim 33, further compri^iig: 

2 iv) providing a phage library presoiting a the variable light chain (V J 

3 of the phage isolated in step iii and a multqilidty of human variable heavy (Vh) 

4 chains; 

5 v) panning said phage library on immobilized c-erbB-2; and 

6 vi) isolating phage that ^ifically bind said c-^B-2. 

1 36. A method for making a C6 antibody, said method comprising: 

2 i) providing a phage library presenting a C6.5 variable light (VJ 

3 chain and a multiplidty of human variable heavy (Vh) chains; 

4 ii) panning said phage library on immobilized c-erbB-2; and 

5 iii) isolating phage that specifically bind said c-erbB-2. 

1 37. A method for making a C6 antibody, said method comprising: 

2 i) providing a phage library presmting a C6.S variable light (VJ and 

3 a C6.5 variable heavy chain encoded by a nucldc add variable in the sequence 

4 encoding the CDRs such that each phage display a different CDR; 
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1 ii) panning said phage lihiary on c-erbB-2; and 

2 iii) isolating phage that specifically bind said c-eibB-2. 



1 38. A method for impairing growth of tumor cells bearing c-erbB-2, 

2 said method comprising contacting said tumor with a chimeEic molecule comprising a 

3 cytotoxin attached to a human C6 antibody that specifically binds c-erbB-2. 

1 39. A method for detecting tumor cells bearing c-erbB-2» said method 

2 comprising contacting said tumor vnsh a chimeric molecule comprising a label attached to 

3 a human C6 antibody that specifically binds c-eibB-2. 

1 40* A polypeptide comprising one or more of the complementarity 

2 determining regions (CDRs) whose amino add sequmce contains a CDR sequence 

3 sdected from the group consisting of the CDRs listed in Tables 4, 10, 12, 13, 14, IS, 

4 and 16. 
1 

2 41. A nucleic acid molecule comprising a nucleotide sequenpe 

3 encoding a single diain pQlypq>tide that exhibits the antibody-binding specificity of a 

4 human C6 antibody, said polypeptide conq>rising: 

5 a) a first polypeptide domain, comprinng an amino add ffqufncf Oiat 

6 is the binding portion of a variable region of a heavy chain of a human C6 antibody; 

7 b) a second polypeptide domain, conqnising an amino add sequence 

8 that is the binding portion of a variable rpgion of a light chain of a human C6 antibody; 

9 and 

10 c) at least one polypeptide linkers compriang an amino add sequence 

11 spanning the distance between the C-terminus of one of the first or second domains and 

12 the N-tmninus of the other, whereby said linker joins the first and second polypeptide 

13 domains into a single chain polypeptide. 



14 
15 
16 



42. A polypeptide which exhibits immunological binding prop^ties of 
a human C6 antibody, said polypq>tide comprising first and second domains connected 
by a linker moiety, wherein: 
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1 a) the first domain comprises at least one amino add sequence that is 

2 a CDR derived from a heavy chain of a human C6 antibody; and 

3 b) the second domain comprises at least one amino add sequence that 

4 is a CDR derived fiiom a light chain of a human C6anta)ody. 

1 43. The polypeptide of claim 42, wherein the first domain comprises a 

2 a heavy chain of a human C6 antibody. 

1 44. The polypq)tide of claim 42, whwdn the second domain 

2 comprises a light chain of a human C6 antibody. 

1 45. An expression cassette, oomprisiAg: 

2 a) the nucldc add molecule of daim 41; and 

3 b) a control sequence operably linked to the nuddc molecule and 

4 capable of directing the expression thereof. 

1 46. An expression cassette, conqjrisiqg: 

2 a) the nudeic acid molecule of daim 41; and 

3 b) a control sequrace operably linked to the nudeic 

4 molecule and capable of directing the expression thereof. 

^ 47. An expression cassette, comprising: 

2 a) the nuddc add molecule of daim 41; and 

3 b) a control sequence operably linked to the nucleic 

4 moleculeandcs^jableof directing the expression tfiOTof. 

1 48. A method of inducing the production of a polypq)tide, comprising: 

2 a) introducing the apression cassette of claim 47 into a host cdl 

3 whereby the cassette is compatible with the host cdl and replicates in the host cdl; 

* b) growing the host cdl whereby die polypeptide is expressed; and 

5 c) isolating the polypeptide. 



1 



49. 



A method of inducing die production of a polypeptide, comprising: 
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a) introducing the exines^n cassette of claim 

wherd>y the cassette is conqiatible with the host ceU and replicates in the host cell; 

b) growing the host cell whereby the polypeptide is expressed; and 

c) isolating the polypq>tide. 

SO. A method of inducing the production of a polypeptide, comprising: 

a) introducing the e)^ression cassette of claim 47 into a host cell 
whereby the cassette is conq>atible with the ho^ cell and replicates in die host cell; 

b) growing the host cell whereby the polypeptide is 
e3q>ressed; and 

c) isolating the polypeptide. 



wo 97/00271 



PCT/US96/10287 



1/5 



o o 

U <1) 

< M 
O W 

< >1 



o o 



o 
u 



D 
0) 



03 



H CO 
< 

(J? 









u 


o 




u 


u 




u 




< 










to 








< 








CO 


w 




>1 














o 








H 




2: 


H 




o 






M 


a 






< 




< 




O 








CO 


< 


(0 




o 






o 


< 






>t 




o 


»H 




a 


O 












M 




a 


0) 




H 


W 








<d 




c 




< 








o 








m 




:3 




H 


<u 






1^ 








m 


o 


:3 










O 














C 










U 


O 








nJ 


O 






Eh 






O 


> 








m 




c 








o 


O 





O CD 



o 

CD 
U 

CD 
H 

a 

CD 
CD 
Eh 

O 
O 
CD 

CJ 
H 
< 



< 

> 



fd 



(d 



fd 

l-f < 



CD 


0^ 




CD 






H 


H 




a 


M 


a: 




>t 






Eh 








o 


o 


U 




CD 


(D 




< 


CO 


o 


U 


U 


I-H 

H 


O 


x: 


< 




H 








CO 




<1> 










Eh 






O 


M 


H 


C5 


0) 




<; 


CO 










u 


M 




< 








H 








m 


< 


>t 




CD 






CD 


CD 










H 


U 




O 


<D 




H 


CO 








fd 


H 


>i 




CD 


— c 




CD 


CD 








fd 


O 


to 




< 






< 












H 


to 




CD 




^1 


Eh 


O 








fd 


U 


M 




U 


0) 




H 


CO 





o o 

00 CO 



u u 

< >1 

H Eh 

< W 

< >i 

o u 
y 

CJ a 

<1 <0 

CD < 

H M 

U <U 

H CO 

o a 

< 10 
CD < 



fd 



fd 



H 
CD 

CD CD < 

ho"" 

O Ou CD 

M W 
>i 

O 

O OJ 

o 



< 
Eh 



< 



H 0) < 
CJ 1-3 
CO 

CD >i S 
(J ^ < 

CD CD 

H 

CD 4-> I 
Eh <u 
< S 



U M 

<< >t 

Eh H 

CD :3 

< -H 

CD CD 

CD D 

H (U 

U 1-4 

O >i 

CD -H 

CD CD 

< CO 

< >1 

< -1 

C!) >i 
C5 

CD CD 

U O 

CJ u 



fd 



fd 



fd 



fd 



fd 



fd 



fd 



o o 

<NI CM 



a 
< 

H 

o 
o 

CD 

H 
O 
< 

u 

CD 
< 

U 
H 
CD 

O 

a 

H 
CD 

< 
c:) 

u 

H 
CD 



>i 
H 

fd 



fd 



u 
x: 

H 
M 
CO 



fd 



fd 



fd 



fd 



fd 



fd 
> 

M 
0) 
CO 

(0 
>i 

to vo 



O 



a 








CO 


o 






M 


CJ 


<u 


H 


H 




<< 


< 


l-l 








CO 


O 


M 




o 


x: 




< 






o 


iH 


Eh 








CD 










fd 


CD 


C 




< 






O 


CD 








fd 


U 


>i 




CD 


-H 




CD 


CD 








fd 


< 


C 




< 


iH 


1 


O 


CD 








fd 


O 


0) 




Eh 






H 










fd 


C^ 


Jh 




CJ 


<u 






CO 








fd 


CD 


o 




U 


M 




CJ 


04 








fd 


CD 


U 




O 


0) 




< 


CO 





o o 
o o 
CO m 



< 
CD 

H 
< 



to 

< 

to 



<d 



a a: 



< 

CJ 

< 

CD 
CJ 
CD 

Eh 
CJ 
H 

H 
Eh 
H 

H 
< 
H 

CD 
H 
CD 

U 
U 
CD 

U 
CD 
< 



u 
< 

fd 



fd 



fd 



fd 



fd 



CO 

>i 
O 

x: 

04 

fd 

Eh < 



fd vo 
fd w 



O 

o 



CJ CXH 

<; <o < 

CJ < 



CD M 

O Cl> 

H CO 

C^ O 

O U 

C-> 04 

CJ CO 



CO 
H 



fd 



CD 
Eh 



a h4 

H M 
CD O 

< CO 

o u 

CD 0) 

< CO 



fd 



fd 



(d 



CD 
CJ 



U 



fd 



H £h 

CJ CD 

CD 13 

Eh <U 



fd 








fd 










<H 




V— / 


CD 


< 








CH 


O 




f \ 


M 




f > 


04 








0^ 


f n 


a to 




M 




CH 


H 


U4 






o 


CD 


10 












o 






I-H 


< 


fd 




O 




<: 


CD 


< 








CO 


O 


to 




CD 






H 


u 




U 


c 


Eh 




to 






< 








fd 




u 




o 






H 


CO 








fd 


Eh 


Jh 




CD 


Q> 




< 


CO 








fd 


Eh 


U 




CD 


0) 




< 


CO 








fd 


U 


to 




CD 


>1 




Eh 


CJ 








fd 




u 




< 


>1 


fd^ 


Eh 


H 










<C 


>1 




CJ 


r-H 




CD 


CD 










CD 


r-H 




H 


fd 


fd^ 


CD 


> 





CD 


CJ 


O 








Eh 




CD 




< 


CD 


CD 








CO 


< 


M 




O 


Q> 


1 


H 


CO 




U 


M 


H 


u 


<D 




£H 


CO 








fd 


O 


.-H 




H 


fd 




CD 


> 








fd 


O 






O 






< 


Eh 








fd 


O 


r-H 




Eh 


fd 




CD 


> 








fd 


CD 






H 


0) 




CJ 


>^ 








fd 


O 


M 




C-> 








H 








fd 


a 


>i 




CJ 


»-H 




CD 


CD 








fd 


CD 


>t 




< 


i-H 




a 


CD 





C5 



SUBSTTTUTE SHEET (RULE 26) 



wo 97/00271 



PCTAJS96n0287 



2/5 



o o 

00 00 

O C 

U O 
< 

O iD 

< O 

O M 

O 04 

U ro 

U r-i 

O -I 

o <; 

H u 

U OJ 

H to 

O > < 



O 
H 

O 



o 

M 

O 04 



u 



O 04 

o c 



CD 

a 
< 

H 

a 
a 

o 

H 



CU 



H 



<T3 



03 



M 

w 
o 
o 

l-f 
H 

CO 
12 



> 

CO 



(0 



03 



o o 

to in 

o u 

H Eh 

U M 

O 0) 

H CO 

o > 



H 
H 

% 



M 
>i 
H 

C 

CO 

c 

CO 



05 



CD o <: 



H 
H 
< 

o 
o 

o 
a 

o 



to 

o 



2: 
o 

M 

CO 



< 



o 

Eh 

o 

H 

o 
o 

o 

< 

u 
o 

u 
< 



u 

(U 
CO 

CO 

>1 
u 

M 
0) 
CO 

0) 



OJ 



OJ 



OJ 

> 

CO 

>1 



O Oj 



CO 



CO H 



U 04 
O OJ 











O 










VD 


VD 




































G) 










1 








, — 1 






U/ 




j 








) \ 






. 1 
H-l 




1 










OJ 






nt 

»u 








f > 


rrt 




r \ 


«r 
M 




1 ^ 








r— 1 






(ii 
U/ 


















rn 
Uj 














rrt 






rrt 








f n 


— ^ 






r\ 
M-» 




< 


03 




Ph 








CO 




U 


—I 




/ \ 


1— 1 




CJ 


J* 

<; 




CD 


< 














rrt 






0) 


O 


H 






CU 




U 


03 




Q) 






CO 




U 






H 


CO 




o 


< 




CD 


< 








Oj 






OJ 






OJ 




0) 




CJ 


CU 




1 ^ 


OJ 


CJ 






CD 


i-r 




O 


—1 










H 


H 




CD < 








OJ 






OJ 






m 




W 




< 


03 




t • 


>, 




(1) 




CJ 














to 




CD 






CD 


CD 








OJ 






OJ 






OJ 


CJ 








OJ 










o 






CJ 


iH 


r- — t 


H 


0) 






H 


< 


CD 






o 
























CJ 


>i 






CO 










C!) 






CJ 




Eh 


OJ 




CD 


CJ 




H 


U 






> 








o: 






§ 






o; 


H 


M 


w 


U 


u 


fxl 


r > 


M 




O 








>1 




r\ 


JC 


£h 


CO 




H 


H 






H 








o 






o 






O 


CJ 


CO 






U 






D 








< 


>t z 


Eh 


0) 








o 


H 


Eh 


o 






o 






M 






M 






M 


O 






H 


a H 


o 


CO 


tH 


CJ 


Q) 




< 


(0 


< 


< 






CO 


»^ 


CD 


< 




< 




1^ 






CO 






CO 






CO 


O 




H 


OJ 




u 






CJ 






O 


rH 




o 


x: 




CJ 


CJ 


E-« 


CD 






<: 


H 






M 




O 




Eh 


CD 


>i 


Eh 


o 


0) 




< 


iH 




CJ 


rH 




H 


CO 




CD 


CD 




CD 


CD 








OJ 






OJ 






m 


o 


CU 




H 


a 




< 


>1 






JC 






CO 




CD 


iH 




H 


04 




o < 




a 


CD 








OJ 






OJ 






OJ 




D> 




CD 






o 


>i 




CJ 












CD 


rH 




CJ 


< 




CD 


CD 




CD 


CJ 








03 












OJ 


o 






O 


M 




O 


0) 






CO 




CJ 


0) 


03^ 


H 


x: 




CJ 


< 




Eh 


CO 




H 


04 








OJ 






OJ 






m 


H 


o 




CJ 


tn 




CD 


rH 




U 


u 




(J 


M 




H 






U 


Oi 




O 


< 




CJ 


> 








OJ 












OJ 


O 






O 






CD 


CU 




H 


OJ 






x: 


OJ^ 


CJ 






CJ 


> 




H 


04 




H 


H 














m 






OJ 


CJ 


>1 




CJ 


>i 




H 


>i 




CJ 


r-l 




CD 


iH 




CJ 


iH 




a 


CJ 




CJ 


CD 




CJ 


CJ 








OJ 






03 






OJ 




m 




Eh 


U 




H 


M 




u 






O 


0) 




CD 


0) 




CD 


< 




< 


CO 






CO 





CD 

in 



SUBSTITUTE SHEET (RULE 26) 



wo 97/00271 



PCT/US96n0287 



3/5 




FtG, 2, 



SUBSTITUTE SHEET {RULE 26) 



wo 97/00271 



PCT/US96/10287 



4/5 




Fia 3A, F/G, 3R 




F'/G' 3c. na 3 a 



SUBSTITUTE SHEET (RULE 26) 



wo 97/00271 



PCT/US9OT0287 



5/5 




FIG, 4. 



SUBSTTTUTE SHEET (RULE 26) 



INTERNATIONAL SEAHCH REPORT 



International application No. 
PCT/US96/10287 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC<6) :Please Sec Exlra Sheet. 

US CL :Please Sec Extra Sheet. 
According lo Intemalioaal Patent ClassiGcalton (IPC) or to both national clas sification and IPC 

B. HELPS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

U.S. : 530/387.3, 387.7. 388.85. 391 J, 391.7; 536/23.53; 4247183.1; 435/240.27, 7.23, 69.6. 6 

Documentation searched other than minimum documcnuiion to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practicable, search terms used) 
APS, Medline. WPIDS, Embase, Biosis 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of documeia, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 
Y 

Y 


US, A, 5, 1 69,774 (FRANKEL et al. ) 08 December 1 992, see 
entire document. 

WO A, 92/22653 (GENENTECH , INC.) 23 December 1992, 
see especially pages 4-5, 17, 31-32, 38-39, 51-52, 55 and 
58. 


1-13. 16, 17, 
19-29, 31. 38, 
39, 40 

1-50 

1-50 


[lc| Further documents arc listed in the continuaUoa of Box C. Q See patent femily annex. 


* Spedal cttetoric* of cited documcoti: *T bur doctmwat published after the iotenitfioiiairiliDg dkte or priori^ 

diie mmI nol in coollka with the •ppUcrtioD iHii cited to und^ 
*A* dooimrrt defining tfatienefmiitate of the tit which b not cwidefBd principle or iheoty underlying the invcnliao 
to be put of pnnicular releviace 

"X* dfHiimntf pttftieular tdevaDee; the rMm*** tsvcolioa cennai be 
*£" earlier dociKiMtttpubUibod on or eftcr the tiUenutiosnl ruins dote coosktefcd oovd or cauiot be eoaaidend to involve an inventive step 

•L* doomiemwhichinsy throw doubts on priorivcbumC*) or whtcb U when the document is token atooe 

"^inf™ it iLSSJi^'*'^**' "^^^^ -Y- document of puticuh^ieievance; the cbimalbve«iio«c«a«b^ 
special reason (u specified) coosidercrf to invofve an inventive step when the document a 
•O* document referring to so oial discJosure. use, exhtbiiion or other combined with one or more other such documeots, such combination 
means betng obvious to a penon skilled in die ait 

*P* docnmem published prior to the ioieroatiooainiint date but bier than •j^* document member of the aame patent familjr 


Date of the actual completion of the international search 
27 AUGUST 1996 


Date of mailing of the international search report 

04 0CT1996 


Name and mailing address of the ISAAJS 
Commissioner of Pateou tod Trademarks 
Box PCX 

Washington. D.C. 20231 
Facsimile No. (703) 305-3230 


Authorized o.fGcer 

NAN6Y A. TOHNSO'N ' 
Telephone No. (703) 308-0196 



Form PCT/ISA/210 (second shecl)(July 1992)* 



INTERNATIONAL SEARCH REPORT 



Intexnatiooal application No, 
PCTAiS96/10287 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category" 



Citation of document, with indication, where appropriace, of the relevant passages 



Relevant to claim No. 



Proc. Nad. Acad. Sci., USA, Volume 85. issued August 1988, J. 
Huston et al., "Protein Engineering of Antibody Binding Sites: 
Recovery of Specific Activity in an Anti-digoxin Single-chain Fv 
Analogue Produced in Escherichia coli", pages 5879-5883, see 
entire document. 

Blood, Volume 83, No,2, Issued 15 January 1994, Vallera, 
"Immunotoxins: Will Their Clinical Promise be Fulfilled?", pages 
309-317, see especially page 309. 

Immunological Reviews, No. 130, issued 1992, Soderlind et al., 
"Page Display Technology in Antibody Engineering: Design of 
Phagemid Vectors and in vitro Maturation Systems", pages 109- 
124, see entire document. 



14, 15, 18, 30, 
4M4 



32 



34-37 



Fonn PCT/ISA/210 (continuation of second shcet)(July 1992)* 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US96/1(C87 



Box I Observations where certain claims %vere found unsearchable (Continuation of item 1 of Hrst sheet) 



Thi< international report has not been established in respect of certain claims under Article 17(2Xa) (or the following reasons: 
1. I I Chinos Nos.: 

— because they relate to subject matter not required to be searched by this Authority, namely: 



2. [ I Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful intcmattonai search can be carried out. speciilcally: 



3. Q Claims Nos.: 

because they are dependent claims and are not drafted in aocoidanoe with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



liils International Searching Authority found multiple inventions in this intemational application, as follows: 
Please See Extra Sheet. 



1 . As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 



claims 



2. As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 

3. As only some of the required additional search fees were timdy paid by the applicant, this intern 
only those claims for which fees were paid, specifically claims Nos.: 



4, I [ No required additional search fees were timely patd by the applicant. Consequently, this intemational search report i 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest 



I I The additional search fees were accompanied by the applicant's protest. 
I [ No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first $heet(l))(JuIy 1992)* 



INTERNATIONAL SEARCH REPORT 



Imematioiml application No. 
PCT/US96/10287 



A. CLASSIFICATION OF SUBJECT MATTER: 
IPC (6): 

C07K 16/30, 16/46; C12N 5/12. 15/13; C12P 21/08; C12Q 1/68; A61K 39/395; COIN 33/574 

A. CLASSmCATlON OF SUBJECT MATTER: 
US CL : 

530/387.3, 387.7, 388.85, 391.3. 391.7; 536/23.53; 424/183.1; 435/240.27. 7.23, 69.6. 6 

BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA fouDd multiple invenlions as follows: 

This application contains the following inventions or groups of inventions u^ch are not so linked as to fonn a single 
inventive concept under PCT Rule 13.1. In order for all inventions to be examined, the ai^ropriate additional 
examination fees must be paid. 

Group L ctaim(s) 1-20. 29-40. 42-44, drawn to antibodies that bind c-erbB-2. a method of making said antibodies and 
a method of using said antibodies. 

Group II, claim(s) 21-28, 41. 45-50» drawn to nucI«o adds that encode antibodies to c-erbB-2, host cells expressing 
said nucldc acid, expression cass e ttes comprising said nucleic acid and a method of expressing said nucleic acid. 

The inventions listed as Groups I and n do not relate to a single inventive concept under PCT Rule 13.1 because, under 
. PCT Rule 13.2. they lack the same or corresponding special technical features for the following reasons: The special 
technical feature of Group I not recited in Group II is immunogbbulin molecules that bind to o-eibB-2. The special 
technical feature of Group n not recited in Group 1 is the nucleic acid that encodes antibodies to c-ert>B-2 



Form PCT/ISA/210 (extra sbeet)(July 1992)* 



